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Xoii«£30!i8iig«]*»* te oii0»ie«a into five e^epftro* flt« f irst 
eitcptmt 69Bl» vitb the gmmral liitroSiMiHoiif tlie moim& and 
i$iif& ebepter d«@I wtth tito IMI^ mongaiio ioii««sebai^ «r8« 
fi9itrt!3 ehBpter 6emtitm@ tise eleotroeli^stool 8tiidl«9 on aootber 
nem tnofgeaio loii-»eeo^ c?!!g«r# and tbe ttftb otiaptur d««tribes 
the eliriiiistdgr^^ on pap^ ce iapripuit«a «ttti an Inongaoto 
ft}« firat ofieptar deels «r|^ &^a general tstro^etftoa 
of ti^ e isor^  earrted out* M Qptodala revtav la gftvae of tbe 
iroyle relatad to tble topto* A part of i t la praaaatad IB ^ e 
tuliQlar fona for Hie parpoaa of eofsparlaoa* 
Itia aecoiBd o!i@i»tar deala vi^ t&« prapisratlo&y 
fxropartlaa m6 aoet^^loel apptloettoas of titaaltis ttmgBto* 
I^ 08|3^ote» A new Inoiieolo loo'-aa t^iaxiger tita<aiti!9 ttmgeto-
pl2iis|)h6te baa tieca ^^tliaaleed* (Tbe i^tarlQl tiaa t»aaa preparad 
hy eQQooa aolntlcma of ti^oio o£»lorldat aoaiost timgatatii eaa 
t^ OBffeorlc mi& tmder varloo© eoodltlone of prflslog ratlOy pn, 
teii^ratora eto» ^© ot^oaltlotiy lon-esctoesfs** onpmity m^ 
loo-exeiiaa^o ©eleotlvtty fiarc hm^ fletertilaea for aiffarent 
( i t ) 
Iti«r0fof«» •«f»8r«tlo8 of fb( iv) ties hem trtea from ottier 
tmt&l tonsf tbe •eperott<m of T!i(t^) frop C«(sn) mm rbCfl) 
l« goeiitttative* A potimtioi^tflo e t n ^ of ttioi*l«@i(ftf) to 
•olntioii iO»QOi • 0«^} oftlug a empmeB9& p«ll«t of the 
toQ-oOxohf^er tiee be^ oerrled oat« 
file t&lvg ofecptcr <leoIfi wltb tfee es^tlsesto OR6 too-
esnliat^e properttee of ^ootfoer cew toofgaote toa^osoft^ger* 
Qiot>tctm eel«ntt@* ftio nateraal lies tmm propofod !>3I' mlstug 
0«tH ntobtct^ pentdxiie esa 0»til eodti» 6oleiitt«> to difforimt 
rettoo* I ts toii«*oi^fiiii;e espDoitsrt e(npo6tttoii» e!!«f!!ioGl 
etebtlttF ote« hem tmm detenilaed* filstrtliattoii otudtes 
heve been eerrtea OQt to ottt^ the soleotti^t^ m& OQ ttie 
baeie of atffereottel eeleotltrl^ a etnlier of tcfiarsttoo? 
bme been aoS^ teived* ftio itmm^mhm^^ti ec|i®ott|? of tfite e^sterti^l 
veiies «rtt& tb® nature of t&o ^ t c l too.l^to^las eeleQito 
braves 08 a tacmoftmettotial V^G% miO to il^ fonr* C^ tise bast 9 
of lei^a dtffercQoe to !@3 iraloes ttia posetbla tei^rt^it 
8epas*®ttocis »aro trted ana ttiota Qoiattttattiraliy <K!!itav«d 
ore I<a«^| fboCti^  PbJ(S<i$ &-l%f end ta-ce, 
tbo foortS) etjfsjjtar aaala irtitti tlio prtpinrattoii of 
mtotber o«^ toorgimto toti««sof^ cmg«rt Iisit&aiitiei tuoi^stato 
ftstertal lies hem prar^area t^ addti^ o»tif solotton of lent^mtiis 
ottrata mQ aodtiia tis^atata to •artoos tattoo* fHa i«flox«a 
(tit ) 
promot &tw6B better steMltt^ mxQ home I t nas pr9par^& for 
mHom etQdiee* ft^ e n@terial b&a hetm etuai«a for i ts 
oleotrooTieHool properties eod ie nB&d in ttie foio of pellet 
wihioh tjES beetj prei^ area fey ©Isitss leatlieoma toogetate wltb 
pflyBtyrtm C5ti) et 80 0 em tO»000 psi preeetur** AD 
eleotrolftio eel l wee oanetitotea osicg tt^ie pellet* 
fbe lost ehcpter dexjte wltt^ ^ e icnweiehaiige dirosseto* 
gre^y on p^pere loo^a witli elositiiti^ ti$r(3ro%i€:e« flie @Bteri©l 
eSioirs eaiOB esotiei^e oapiwitF onS tseaee tbo eepstetioae of 
etnioDS Qfld these i^pere feeve Been tried* ^ nattier of potetble 
«<^r8ti(»is hwe hms lietea on tbe ^esls of aifferesee is 
Up veloee* An eeoeodiog teentiittio vae used. 
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Analjrtlcol obe®t©try deole wttb tbo aevelopscnt of 
cethods for i^entlfloattoii, separation and llotemtnatloii of 
the eatistoneoe* IdcntlfloatiOQ of tiio sobet'tMSoe eonatltutpe 
the branch qnolitativo etialsrele onfl dctcrfsiiiatiloti fores tbo 
bronofii qoontitotivo analfste* 6onorally» tbe ecr^ratlon ie 
the pretrcatscat proec»dare for imet of the Aetemtnatton ana 
eoc^DtliscB for tdontifleatioiis, Itios oil the three trohalqaes 
tORothor fora the aobjcot of chcalorsl nnulyeta^^ Ch€«lonl 
onalysla la based upon elaseiool and oodoro raethode of 
onolyele* The nwdem sethoda of analyale ore dlvldrd into 
broad ftrottpa vie* Inatroiientol and non«»lnstrui!c>ntal* 
Inetntmental teehalQQoa find the i r applieatlon In qnltc a 
nncber of intereating i«»rk being carried oat tc>d®y» The non-
inetromental tcohaiQoee too arc eQonlly important in tacklinf! 
varione problens and ore leas eapccsivo* The non-lnetrasental 
teoUnlqoea BTt^ developed e^laly for ochievlcp, tieparationa* 
The varioos isethode that ore employed for acpaitition are 
otirosatography, olcetrophoreeia, io»-csc!^Gn'Te, eolvrnt 
estmotion, ring oven techniqnco and dialyais etc* 
At present, ion-esohnnge la an entremely valanblo oot 
of these techniques• ttc lon-eschnniters hod a great isipaot on 
2 
atial^tloai chcsalstry* Tbo use of ^cs© ootcrtQls gave 
anolyste ne& raotJjode for tbo reqair^icDts of caidem 
lobordtoriee* Cstng ioorgaaio una oifjanio cxotiQti''ere wo can 
tiovp o dpoper uodcrstoodlni; of floolorlosl, geopfjyelonl ana 
bloptiyetco 1 ptopaomeno to eafilein tbo MdloRlcQl process* 
In loboratoiTf tbc oppHeation of Ion oa^baQgers t>as oadr 
po8Ptt)l{> the ctiroisatograplilo separation of vory* ooiepltoatod 
naturol atsturee* The t l»e i s maoh rednoed by tbe use of 
blftb perfonaane© obrosotograpttlo t©eh»li|tiee» Tbelr ne© bos 
aleo been uPdo to tbc solotlon of previooBly onsolvoble 
problenis^ >8aob as ttic separation of rare cartb© ana rccovory 
of rare eleraonte, Tho atoaio power oontrol laboratories and 
Bjany different Industrial laboratories are now imifisiitlnnble 
witbont tbe ose of lon-exoban^ers* Tlio lon»escibangc 
separations offer advantages over th© olossleoX atcthods of 
separations (precipitation, f i l t ra t ion ©to.) for th© amonnt 
of the ©Qsiple rcqaired Is sca l l , o eborter t ine l e needed 
end the cor^oncnt© cnn subse^omtlf bo detensined using rapid 
instructrntol or t i t r i c r t r i o ia©thodB» Hoptd and eooorete 
detertslnation of oonctltuentE of a sasi le or, ooctofslnents of 
alloys of ©oigplieated eomposltlonst biological snbstanoes and 
fission prodoets of radioactive olcssents has become possible 
by the ose of ion-exohongcrs* lon-oxolianf^o ebrotiatogniptiy 
etn be routinely used to overcome interactions and troubles 
in the detereinotlQii of trace ©leemts of peocbeHtcal in te res t . 
3 
before optical or oto:rie absorption epectrophotosotry cna 
4 
orotroD activation onolysis . lon-cschcoso catorlole cro 
flnfllns Inoroasecl nso In ftoe-chronsatogropfoy bccaoec tbcy 
offer a (;roat rong© of potential selectivi ty throttf;li irarlatlon 
af tt,r tonto fore of ^ t c r l o l ^ AU over tUo « . r la norH-roo, 
lon-GBohnuffcr plontn ore In operation for developing, tlie 
soparotione of laoi^onlo, orcfinle and blolofloal nls tnres . 
The csost iBportont applleotlon 1B e t l l l ttio purification of 
water* Tbe water pollution la Inoreaelng day by day# flovever, 
the Bothoas based on lon-eschani^o ore beeomlnji of proifAslnr 
suecrsB when applied to thl© end, Tbc nee of lon-earcfconscre 
on larro eoele nay provide i^nfelnd wltb pare water ana may be 
osefcl for the oocccntrotlon an3 estrectlon of tli© mtht 
Itsportant eetole and raw ®3terlale utitcli i s becoaln?» ®>ro and 
laoro diff icult to profaeo* 
lon-oxchnn«fe ifse reconnleed In tfee aldaie of the las t 
ocntary follo^rluff the InveetSgatloae of ttro Of^rloulturai 
chenlDtB, Hbomeon"* ncS l^tay tjho ifero stoil^nrT the uptake of 
for t l l leerc by eolle* They discovered th l r p!icii0"trnon by tbe 
nocc of "baso eisiotmnge** In soil©* The csohaRso In^rolvcd 
oQulvfilont qoontltles of reploocoblc and replaced Ions* I t 
wao establlclicd In 185* tliot QlorlnlOE} pl l lcotes were 
eg 7 
rosponelble for tfcte esctnnj»e • # Acoordlnt^ to l^rtJcrp/ and 
S tvipner the rcaterlols rcsrjonslble for th is pJ^ enomrnoo wore 
defined taalnly cloye, zeol i tes , n^oconltes Qitf bnmlo acids. 
TboB® dlscovortee ICHS to tfoo as© of tfce tjotaral eptcrtnie 
for %tQtcr BOftenttfT, f^o f l ro t eytitbptio lodaefcrlol ton-
eselinBf?< r^ was prepared toy F^m en-l Rnnpler io t903» Oao© 
was dcfbltiooe to recover ?|ol<i fron ©co trutor QdOftlnn th i s 
tcclmtquft^ But he eoold not folfl l bJe asblttoBS bt^masc tb© 
raatertal of tfite typo ovotlnblo ot tl:at tlrao proifpd to bo 
Inadcfiuato for the purpose. Gone* botrovort reoofiaified the 
prnottoal u t i l i t y of the ioo-eschf nge pbetjossenjo for water 
eoftcoln?* Q8lnr» notorol ood oynthotie eeolttee oml olays • 
Itie eshaustea bed of the loa cscbnr^.er was re.^rnemtea try 
poeelQ'! o ootioeatrote<8 eoltition of Eoaioci ort potaerlan EQlt 
over lt« DecQOse of th is pocelblc rf»gencrotlor) t'^ oEo ccoll tcs 
am dry© cooltl be ascd over end e,?;clii, I Is t tc t tone of 
Beolltes ana oloye were BOOH rf^J^nlsefl l.e« eeolitee ere 
Qcf*omnoBt& by coldB rn6 cloy© are diff icul t to fcacaic* To 
overcooe these dlfftoolt ies o search of ctoblr too-cso^ans© 
instcriol s was started* In 1935 Hollgroti obeerred that 
sulphite cellulose tmrtis oe an too-esctjon.'^rr for the ^otoinlna-
tlon of copper* An loterestlp!* discovery be^on la 1955 when 
Moms end tlolCTee found thot orushea pboiioj:^ rorh recorOs oshlbit 
iou*esohnnf,e properties. The rociailfsble effect led the 
Inventore to the fjyntheele of ornenie lon-exohnci^e resles which 
hafl each bet ter properties than ony of the preirtoos products . 
These resins ore stable towards ocld® and easy to h^dle* Tlie 
©troctore ecu bo vorled os doelredi thereforct the d i f f icul t ies 
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observed %flth Bcolttcs an^ elcys wpro rrROvei! by totnitlttotloii 
of reelne* Slnco thon those orgonlo ton«csc!ionj»er8 have bocn 
u»od h9tlTi In laborotorlee and iodostHca for separations, 
rccoverteo of cietols, aolonicsotlon of water, eoBoentrotlon of 
ol pctrolytes ara3 elucidating ttio ocohooleo of prcat orai^ 
reactions '» flio appliotitione of tlieso ion-esohonfre r©8iRS 
p«>ss*©BBed so ropiaiy tlmt ttie theory la-'f^ed bcblnfl ooa oonld 
not follov the cspcrtcmit8# 
Joat as tho applications of the stcolitcs ere limitod 
BO are thooo ^Ith organic lon-cschongc reslcs tinker certain 
eon^ftione* Tho rosins ari> onetoble in oqncouft ^stcais at 
hi«»h torprroturee and in pre8ct!e<r> of ionielnn ir^dlotione* For 
these rooeona there has been a reeorgcnce of interest in 
inorRcnlc ion-esch ncere In recent years ae ttiey ara onaffeoted 
by ionleing rrdlctione onfl ore Ice© eenaltlyo to higher 
terperotorea^ Tlio etructure of theeo inorn.^ntc ion-e!:c^QCf,or8 
i s ctlff therefore, they ore rtoro eelootivo anfl Bnltnble for 
the eeparation of ionc on the baclf; of the i r different pore 
Biner, fhoy ooa oleo be usea oc ionio or oolecolor ©levee, 
BelnT stnblc tour.rdc lonlstn-' r^f}lctin>np, thr^y onn be iiaofl 
Qtrvnntaffeonoly in reactor technolt^^, Inorgnnlc lon-asroh nf;e 
ncr^raneB hove alno rrorntly been uarfi prefernbly over oitjanlo 
ones beocaee of the inoit»,cnlo Krrthrrnes eoQld perr l t higher 
te-tpcroturcs to be ucvQ and h-i{|hcr eelectlvitjr for oertoln ions. 
f) 
The Bolcetlvity of lnoit^onic loEi-osctjr.OTicrs &GB been 
otHiBc?i3 for tho prcpcf^tlOQ of too selective elcotrodcs • 
ThQ loK oolcetlvo eleotrofloc have nam Jocose Inportaut tool 
for eolvinr? vorlotae analFtto^l problcES '^  ' , 
In opfler to ttndoretnnd tbo opplloatlons end to inprovo 
upon thea, eystGoctlc fonfliKsentol etotltea cro beluf? poreac^ 
on tlioeo taatorloSe, T&ts ncn^  Interest lo tooronoto loo-
csctaan^ers ca^ ho caif! to Tjcf»fn to i*^3» ^t woe sliown by 
Doyd tbat coloraQs contolninf? flnnl v olvlded slreontno 
ptioepboto BQpportcd on s i l ica lerool coald bo aer^ to erpatrjte 
orenlarn ra<9 plntonlcti frofj fteslon pi^dtiot© hy on lon-oHC^anf^o 
proocen, Tn aa-iltloti to ziroonitm p!iOB':ilsoto erny otber ©lotlor 
etibetcncoD say hr prcpored by oodbinlnft onidec of rroop IV wltb 
tbe core ccl«llc osltJee of oroune V &n& Vf of t!:>e pcrloale toble, 
Ttio vcrlouc Icorr-'olc loii-csobencore reported uvto 1965 
IQ 
hovo bom ctelrnbly rcvlcrjcfl In tfce i3onor;rapl3 of A-ji:\hlctt ^ 
iTblGti bas beooae a olooelo In tble firl(!, TIJO ctoflicL on tfcecc 
Eatorlols fror; 1963-1969 i^ ave been BasjsQrlecQ Ify Pctierr!! atiC 
Vceely'' * onfior tlie follotjinf* braast 
!• nydrono osi^es, 
2# AottUc eolte of faultIvnlent re tnle , 
5» Solte of ''cteropolyretop, 
ft# Ineolnble fenracjyDrlr'oCt 
5« Cynthotlo Qlaalconliloatee, cnil 
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6» Ccrtniii other eabtjtoreco e.c* ©Totbotlc opatitoSf 
solpfilfleo ond olfeollno corth eulrJiotee. 
nartoEtzy hns oir^-^nrlscC! thr tijoorotlcol aepf«ote of 
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o!:c^^nf!o In Inoirtnnle lon-cscbaii^To ra tor tols • Ttio eynthoelB 
oQfl oppltcottono of iDorojonle loQ«esoliQtri(!or0 have been revtrwc<3 
by folton''*' • n©crnt ri»vlc*r on tbo oppllootlons of Ion-
©scbonr^ f have born oflttca by Ptarloeky ona talton ''^ . The 
riHJpnt trends In the field of ion-cxohongc have bt^ en eooisarlEod 
In tho iloumol of Clirotsatopraphy vol nee IOC (197%) which 
oontoln© the papore proecnted at the tMrd eyoposlam on lon-
oEchnnrc hold at Dal8tonfllr€»d (I!on.«Try) *£iy 26»31, 1974. fbc 
pripers presented ^orc divided Into fonr ecotionst (1) lon-
osohoQj?© rsQterlol©, (11) theory of lon-esohnsige, (111) onolytlcal 
oppllootlons, ond (Iv) loo-cxchai^o toeJ»nolof»y,. 
The ^rnthesie it nete cKitcrlol© hov© been reported by 
nonorous outhors deflntnr; different typeo of ouwrpboosi poorly 
crystal l ine ond crystolllno E^tortnls, Host of these etndlcd 
ore ennRsrlPcd In Teblc !• Tbo theory of lon»<*schcn|^ o ond the 
nso of lon-eschnnr'ere In laboratories ond fcotorloe I s a 
flourlshlnr dlectpline* The oppllootlons of lon-exohonncre In 
the leborotorloo as node poeotble, the ehrocPtogr^pSilo 
separation of very ooopliootod olstures. "Hne oelcotlvo noc of 
lnort!onic lon-e'chnnner© nay provide o oecfnl rcernR to 
concentrete ond estroct the !?!O0t Ir^jortont laetalB from 
8 
loboratorles voetee am loenl oanocntrated ecaspXee, Tbe 
opplieotlone of ioo-esctionno to soao tisportont proceseee tliot 
occur at hlgto tetapcraturcB or in the presrmio of lontelug 
radlatton or hlgtily osidtelng oedta arc eevercly Itraltcfl on 
ooiaEierotnlly ovcilloljlr* lon-cschnnftc rcfilns. Hoi»cver, the 
QBc of eyntbctte toorgonto ton-cscbonf.crs can be isafle under 
tbcsc conditions* 
Until recently, tbo Insoluble o d d sa l t s of polyvolcnt 
eetnle hove been obtolncd as gelatinuoas enbstonoes* Tbe 
zirooniura phoepbate 4e probobljr tbe f i r s t o-i/f tbo tmst fitodied 
of oi l tbe lon-cjEcbon|»cre« Crystallization^sooto of tbc© bo^e 
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A seoncb of tb© l i tera ture aticnr© that very little* fstiru 
hn« brcn flono on clotliira ana titanium unit© ana no work on 
lontlianom solte of thl© typo* ^©rofore, i t i»o» deoidedl to 
syntheelEc titaniuc} tGonBtonbospbete* nioblnici eelcnlte and 
lanthenn?! ttmffStot©. Tholr lon-cscbang© bebavioar end other 
roloted properties bav© been etuaied* 
For a eotaplpte doeorlption of a raatcrtol ae an ion-
osoh neor the folloiding properties wist be stadiedt 
!• Wic ion-esehemp50 oopaol'^t 
2» Tbc reslstanoo towarile aclda ana ba8G«» 
3* Coigpoaition, 
km Extentiocetric atuaieSf 
5* Dietrlbntion of counter ions between solotlon arafl cxohonger 
pboeea, and 
6* Anolytlcol applio^tiona, 
lon-oscbanf^e oopooity le one of the cKiat fandcscntol 
qnontitics for cboraoterieation of Bviy lon-excbGoge eatcrlol* 
For 0 ©trot^ ion-psobanf^cr, the oapooity cm rcofllly be 
dotercincS by direct t i t r a t ion , Tarloua types of oapocitlee 
eon be esprceocd In different oanner©* The eqoiltbria^ ion» 
exohonce oapaetty for a strosiff, lon-osohnnr^er can be deterained 
by direct t i t ra t ion of ©troi^ cation eseSvmj^rr (in D* forra) 
«ith a Btr^ pfT base. Pojority of tbe synthetic inorpnnlo ion-
esebofigore behaves GG O UOGJS ion-escbrsnfor anci therefore, the 
^5 
tflMOt tltratittn i« not y«lta1il«« Xn tliis e«s« toii-«3ntieiig« 
eeiisotty f • <ttt«mtwd hy ViplAetniitt of liararoicii toa* fros 
ttie oielisagAr ptuiM 1>F tht eooiittr ioiif of e oantral 0«lt 
•oltitloii mA of dttomtnins tlie tQtitltl»ritni toii«osetisiif|t eeptetty 
to hf pn titrotloB* NniEiwM toii«>«iot)aBgo eoipoettjr to oteol to 
tlio atatioro of tmogonto groopo p9t opoetfftd oaooiit of ton* 
osBbongor nor dirootijr he dototvlfieil hy oti^^le OOIIHID oporottoo 
poootng tbe oloetroljrtie oolottoa ovor tbt tOB -^osetiflBeo votertol 
(to B* fof») ond t t t fottoi itie Itftorotod ootd to tlio offloimt 
hy o oteotlsra f>ooo eolotton* 
fbe too^sefofiQie eatortol mot he otodlod for ebonlool 
6tol>tltty in iwstaio oQd htmio otdlo to etmM tto Itsttottoao* 
pH tttrettono oro belpfol to ftiidti^ vtiottMr tbe 
exoboQier te wmof^itottoQet or polyfaaottonol, Albortt tiot 
otodted tttrottoB oorvoo to detetl on atrooniois pbotptisto «itb 
ollEetiQo oortti ttotal tijrdrwKtdos ^« 8e obtorred tbat tb«io 
ourveo ore otroogly offooted by bydrolyoio of ^lebaQger «}d 
preotpitatton of Inaoloble pbotphetea* He foand tbat Co 
prootpitataa on tbe oxebe»ier at *fC$ oxob^^Oi Sr at B0$ 
»o&ene. .nd B.''* . t 100!$ ^ a « « . Ko oohaog. . . . foam) «ttb 
m(on) , p«b«„v . « , . » . . « » . ^ r . t . « „ - „ ^.''^ t . r.„ U r . . 
and t t oaiiiiot penetrete tn tbe eavtty of tbe oiebtoger* Ho 
also ettidtod tbe foivard and ravetoo Ha^~^^ ton^iebaBge 
teotbero^' and found tbat !fa*-?C* cjKJfeOTge In m OQiieoaa 
aolotton ta a two atep prooeaa witb partial pbaao aolobiUty* 
B 
Albertl OIEO studlf^ the ioii»<»xctionge on eryetQlIine eireonlaes 
phoBT^hote prepared cither toy the ref loxtoft proeedare or hy 
248 iltrect preolpltQtton prooe«5ure • I t wao observed that two 
eatf^rtalSft althoo^^b ©sMfettlnf, s i i s i la r js-ray powder p o t t o m s , 
possess different loR-cxcbrnge bchovloon 
The dletrlbotton coeffleleot le of valor as a 
proctto ' l '^otde to the •cporation proocdorcs lo GhtowBtography* 
fho diBtrit)ation coefftetrat for an ion A* i s f i^ven hy 
m m A™»^ P^  o^ eotton (A ) nrcsmt in cuotatrnffer riboBt? g"* 
Aisonnt of cetian (A*) prreent in eolotion pli''»e ml 
• • • • • • ( 1 , / 
The rc^e<rnl uc© of distribntion oooffiolcat i s F?adn in 
elation tectinteces ased in eoporation*. Tbo ra te ot wfolcft ions 
p!0vp in ion-nKctiQnf'c cfero!^torrophy ie proportionnl to tboir 
dletrlbation coefficient, 
Tbo dietrtbution of on ion between ttJe eseti'-nj^er end 
eolation phoees ie a Ejeneurosmt of selectivity* OfteOf tbe 
ion-esohmiger talsoB op Gortistn ions in prefcrcnoe to tbe other 
proeont counter ions, Ttile seleotivi ty roiy depend, nainly upont 
( i ) Donnm potcotiol, ( i i ) sieve action, end ( i i i ) eoKplcs: 
foirtiatiOQ* The select ivi ty ie an iraportniit factor to etisdy the 
eeperotione. On trie bcsie of distribution cocffioi ctjts i t IE 
posctble to predict tbo scpoi^ttoo of one ion frow tbo other. 
7 
fbo Ifiorganlo ion-csehoof.ere bove foona ntsseroua 
loportoet analj^ttool oppiioations oe cotcftorlKetl brlowi 
( 1) Portflontton of BatoBtonces on s lorgc sonle, 
( I I ) Spporatlon of one loo frora tbo otbcr on a smtxll lon» 
cjKjhnngcr eolotiim, 
( I I I ) loTi^exehmp^e paper cbroE3ato?^raplilo separations, 
( Iv) Plectrophorocle, 
( v) fon-exchni!.ffor for gas ohroreotogr pfey, 
( v l ) Solid etato aeparatlone, 
(v l l ) Specific spot tea ts , 
(Ti l l ) Use of lois-cxohon^er tiood® to locate the end point In 
t i t r a t ion , and 
( Ix) VBC of ton 8el<^tlvo electrodes* 
I^rlflontlon on a lor^e acnlo onn t>e EKSde T)y psselng 
the BBmple solution thron'^ti tlsr lon-eso!inaf,eT brflB whletj take op 
eortaln tsatcrtola In preference of ot'iere. The escb.n(»er tied 
con be ref^enerntod Into eoltablf fora tjy conventional Kethods"^, 
the tcelinlf!Uo onti aleo be utl l leed to recover traces of elrsonts 
fr^ HB the di la te eolotlons^ The ©lersents present In Ionic fona 
ore oxchnnged tiy eqotvolent anount of the coooter Ion present 
In the esohcnf^or^ fhe eleaente can be eloted froci the csscbr.n^or 
by sol table eleetrt>lytle re-.nent* fon*esch':r!ffe la, tilth very 
fo^ escoptlows, a revei^lblo proooee, Tlie oota l l lc lone are 
esohmged etolchlotsetrienlly ^^Itb hydrc^,en Ions In exchanger 
'8 
ptioeo ona the roct 1 ion© C B be artcrralnra Indirectly by the 
appllootion of cschoof;© reactions t 
n 
«^horc R roproerrits tbr etractural onlt of the ioii^oxoiirofjer, 
and n* ana tP* are the oQtit>ns tnfetng part In tho ion-excbonfre. 
A sirallar iK5thcrd ©nn T>P adopted for the roplQccarnt of onions 
hy hyflrotiyl tone etolchioraetricolly. 
lon-cxohanse hoe rosolvrd thp rK>et diff icul t problem 
in oJioralcal onolyete i#e. eoparotion of typical coispononts 
bovinn etei lor Gnoo{!h properties. Column cbrosato^^ranhy i s 
volooblo, Eicon tbc eobBtonecB scpai^tcd ore collneted 
Quantitativoly, 
Since the cry©tnlline ioc-osol"*raf^erc have cr:vltic0 of 
definite eirct they nleo poseosn ion sieve pnipcrties. Tbe 
comitor iono bnvtnr' lorf^cr radii thm the holes in tbe cavity 
en mot penetrate cnO tberefore, tf^ cy can be separated fros 
thoBo cnr'Hor ions whicb c^n easily tnJter lnt'» the cavity. 
Those eeparotions were f i r s t aoTileved by Clearfield on sHlrcoQiffiD 
950 phosphate crystnis^-^ end are sorr'nrlEed belows 
SJiWJonitifs pbosnhate ami oohydrc»aE raetrl sa l t were 
heated in o plntlniir? dieb, The escJJcn'',c reaction tn^inj^ place 
'9 
§8 re|iroG««nted t^ the foUovinp cgostioat 
gr(Hm^)g«n^O • 2/X mij^ — 4 lr(!5!)g^3j ^^4^8 * ^^^^ * "s^ 
itien «tnc ehlorlfl© or Iiofaitjo chloride were esehnngcfl a oi^ w 
ntoee W06 obtolnea wtitcb perclstoa to aboat 2/3 of totol 
oopoolty of exetionncr. fbeee trtdc rcnf©® of ectol oootetit 
fonrfnr tbc BOKie 8tr«ctor<* inaioote that BOlld soltttlonfi of 
onttoi^ witbln crsmtol l a t t i ce oro forcln", T&c fact that a 
vorlrtjy of Of t^loo typ© glvee the eawe phosne (elisost idcatlOQl 
loter|i|lon©r spacln** bat flifforoot Intotisltlcs) litdloatce that 
tijo onyetnl l a t t i ce reoalns rlrlrt with the cntiotss ocoui^ylon 
eicullar ei{ehctn'5'G6 eitc8« This is onlilEf^  the behaviour of 
eirootilum nhoepbatc excbanrlon lone lo aqooous clcotrolytr 
eolation ^hcrc the la t t tof rspitaJe by tbo oovcarrot of tho 
{jC.-airoonlo'-^ pboepliotc l«ycre to aecoessodate byarotea cations* 
Ibo ellutlon of cotlooe t?lth d i la te aol<3 eolations proved tb© 
pbeno!$rnoa QB lorvcsot^otigct tbo cations could d e o b© rct!S>vefl 
hy contoctin'' the osicboRs© pliasea «l tb n^^aroos hydrogen 
chloride* 
Bono lon-crotif tir^ o ©epcratlons wore also acbloved# A 
eolQtton cootalctnf ©quoi port© of lltbiura ebloria© aod caoBlas 
chlorfdo woe ©voporatcd to drsnaess one. the drr sal t mlsturr 
wao fjrotind to?»,athor wltbOC-Bslrcontuisi phosphate. On heatteg 
30 
the iislxtore a t 1S5 C Itthtuo oxohonged leaving ooeeltBs beoQueo 
the epvtticfi arc lorg© ccongti to pf»mlt o cotton of oboot 
2^4 A« fhtie Ce eboald he csoladed ae was observed 
Gsperl^tBontol ly. 
However, very fr» references are avail obi e on lon-
nSf 
esccftai^ Re 4o m>lten s a l t , Albert! cr.6 Alloll t ' ' ' ' trooted 
lon-GtebQQfi^ e on oisorpboue Elroooltim phosphate In esolten 
nl tr t i tes . They found that l l thloa Ion Is greatly preferred 
over ^otaeelata lone by the csohonger* 
^Ibortl Qleo studied the epeolflc eoot^uctonco of 
Q!5orphou0 slroonleta phosphate In t l * , !!a*, TT* cno. Ce* forns 
252 
over the range S^ C^K* oanverelons . The spoolflo ooni^uotancc 
of It^ and Cs* foroB was found to decrease with percent 
oonvotslon while that of tl e T*7o onfl IT forcB f i r s t Increases 
and then decreases as conversion proceeds, A tcntntlvo model 
wns proposed to esplaln the observed ptienonenoB» 
Oooently the lon-eschr^ngrr ffir?*r.*nee find corn? trsportont 
use ^nlch I s chiefly duo to thei r exoeftlonnl oleotroorraleol 
propertttes* Attempts have been sside to use lon«»esohQnf,er 
acabi^pins 08 slcjnle isodels for phyBlolo^,io£'l nerlsronos. I t i s 
an interesting point to note that the theories of Rcnbronrc ore 
core advanced than those of mny other Ion cEC'mri.'te systoor. 
The usanl definition of rgecbmne Is that i t i s a solid 
r i l 
or liquid fllia or layer wltli o tble^njoes vtiioh Is ©spll 
oosimred to i t s eurfceo, Oowevor, In tli© eo«© of loii»exoJ»anf!:c 
corbrniUett o broBdor aoflnltion OOQ bo used* I t etotre tbct 
any too exe^Giifc ratortolf 4rreopcotlve of I t s ^corretricol 
fom, which ooB bo OSCMS ee o soparotion ^a l l botiretsi tiro 
6o1uti0Q8f ©ay be tcfeen es GO too ©xcbanf.or ncabranc. fbos o 
pellet prepared by on ton*os©lsoa?!;«sr uttti ©ots© bttidtiii^, eater lol 
ofia plcMsod between two eolations raay he tnum ee an ton-
CTscfjoni^or rac^reno, 
Tbo present work te imdertolcca to eyntlJesizo three 
now iQQjr^ Qnlo too-cjsohengere vt?., tttantti!^ tungetophospbat©, 
nlobted selonite nna lonthonuEs tonnetoto* The f l r e t and 
6ceoi^ ^Qteriole have been etudte^ for tbe t r ton*>^cbanf^o 
properties l l^e oopoclty, pll t i trotionf ud values etc* 
Cbemieal s toblHty tn different eystcss bos aleo bee«i stadied. 
The enoflyticnl oppltcettons bove been developed by Qcblevlnr; 
inportept soporotton© and stodytng eelootivlty by clectrocBrolool 
cjonns, whioti geve tbat t i tan Inn tan?t8topbOBp .^flte bas been fonnd 
©elective towards tfcortosi. Tfie Ecs^rane of th is c^tertnl bae 
been prepared and Btcdled for the vertflo t loa of Kernst 
cqnntlcHJi* The tbird loa»escbanger lantbanura tonf»8tate has been 
prepared* 
Pellet of lontt:ano!3 tunfstate bos been used as Ion-
n'^ 
(mohm^,cr mt^rrna anfl oharnc drBslf^ e tc . feevc hctm 
laetorcsioca applying certetn tbeorloe applicable to 
ptjyeloiof^ienl syetcss* 
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C O A P T E H - I I 
pr^p/.rjiTioN, prDprnTinn A*3I> A^vi^wic/i. APPWCATIO^IC' OF 
TiTA-!:im^ Tr'^ yrSTO pnoFn^/ir; / s / Tnoniir^ e^irnTivc 
toe enolytiocl appltootlone of ^nQibette Inonganie 
lon-eselipnr.ors bero ottreetea gtotylog attention tn reeent 
yecre. ITho lisportmit feetores of tfiete isatorlols ar© tbe 
difforaotiel acleotlvityi tlio ease of prepet^tlona enQ 
e t a ^ i l i ^ anfier ttmisiofr raaiatioDB* Hi© ©attor baa been 
1 '^  ^ 4 
rovie^e^ by e nuptjor of eathore »'"»-'»'•, Tb© ©ttifliee ominly 
Of© bdae|<3 oo ayntbeelGi ton^esebonge proportle© and 
Qptplioatjlotis of these t^toriole* fbo poteotioeetrio 6ta(!teB, 
botsovoFg bove so for reeelvefl eoc^porcsttvely U t t l e attention* 
'^horofoWf i t was decided to eyntbeeisc a now inongrnic 
ion-oscbcnfier, titanims tonnetopbosi^ote, to atofly i t s 
propertioe and} appliootiona in tbo field of separation 
Gclonoe and to develop ooso potcotio!aetrto Eeaeaf^iasnte on 
the baaie of oonoentration potential* 
^1 
An oleotrto tcinpofBtiire oootrollc^ niC3 ehalter was 
n@c6 f0r 8!iekttii*» Oaueoli ©«3 tmib speetronio 20 (0»8»A,) 
CLICO pn eoter oodel U»10 (Inaio) ana OMV potentiometer 
«ero adcd for speotrofjbotosetiy, pD tsoasnrcirtctite onfl 
oonocntiretion potcntlel ©ceeoresfntB respectively. 
Rcefsoots 
fltoulosClV) ohlortde (HDH), eodiof? tongetate (nui), 
eodflQia pfcosFfjate fllboslo anQ ortho|^os|^orlc acl^ (GIH!) were 
ueca* All other cbrrjicsle were of anelytioal 6*^ flo» 
SyotlicgiB 
fttantus) ttinseto pbosptot© was prepared 1^ aaainp, 
0»in eolatlois of eoatua toofstote 4c 0»t*l eolation of 
©ocHoR p'^ osptiate aiTsasto edjostiog pU (os desired) wltb 
nitric ncia anfl ttie O.IH tltonlon tetroobloriac eolation 
vQB oc^ d^ "' 5 nl of pore ortlio^Iioen&oric eoia solotioa was 
aaaed finally to ensore cotsplote proolpltotion, Different 
scnipioe t?ero prcparefi onflor the oonaitions given in Table 2» 
T!io precipitate eo obtoinea wa© fsept for 24i boars, filtered 
ana «oet)ea «?4tlj aeolneraliee-T iratert arlea at 40 C in a 
tccperaiore controllea oven. Tbo arlcd proanct was tbcn feept 
in 2*1 citrle aoia eolation to oo:ivert i t to 0 forn, vasbea 






































































5?io lon-esctiotige oapeoity of various sniuples of 
t i tooto^ tianf^oto p!i38photc3 a^me fletormlacd by ooloim operation. 
7h^ lon-€?i2o!)ea'»cr to ttje byflrofrtj forr) VQB nlQcpil la tho 
oolttm) with ploee woolf 0,J!1 soltition of potaseliifB n i t ra te 
Bolutlon wos tascd GB tbo cluriit* ffiG tiydrogna ion olfcA^ -toa 
fron the colorm wero ti trinotrlc-^lly Qotrnsiiieg witli etrtodara 
solution of sodiura bydfoslfl©# fho rosolts arc ©or-ariscia 
in Ta^lc 3# In order to anc i t s wor^ la^ f^  cafKioity ne ion-
cscfiooj»or, tlic capcclty was dotcrEalncd for isouo ana divalent 
catioft oolotions* Tho results arc f,lvon in Table 5, 
iof«rscn"!:Gr c/^ .'^ Anxw or ?ITA '^l^ DI TTTror.n rn'>r.''T!\T'" (aMTi^ ^) 
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ntifflij foptiaoo for one lioar end ttj© los-esso^cai^o oapx»ity for 
0.1!l ^* wf?© 0#85t 0«%5t 0»15 eo<3 0»©G MQ/S for pro6«et0 drie^ 
at ±m C, coo C, 400 0 ©na 000 C r0Bfie0tti?»ly, 
(tiielt^ottVQ test 
llili II II ' I I ilHIIW Iili l l l r i — i — 
fo e©o tli© px^eeooo of all tbo eoootltccnte tti tli© 
©solicd^ort 0 ERoll GT^ ooot of esoliGii''er wee tSleeolve^ in 
ootscotj tits tea tsitrie aeidJ^tselltetif© <l©teff2i88tto8 of ptJosplioto 
QBfi tSjteQitira W06 R8f!0 with aiEiOQtiiis soi^baote smQ fe^aroseo 
poit>HJ|i© rospeettveli', Preeetioe of tau^BteQ «GS (2eterain©a 
t>F etifaraoiisotiloFl^©. 
(?iH3Bttit8tti«3 analysis 
^ etoCy tfe© ^iscolQttoo of ttio oj^ ofjoefcrt 0*5 GO of 
oseJici^ ner WO0 tfSco Its 0 coatooi flee^ wltlj 50 ©1 of solutton 
©oiiCC3i)Bea foF four hoore. ^itcotiiait toogetea aafl phocpfiopisB 
la t&e saposnetoat llQala wore ^©tertiitiea sfTSctropfsotorotricolly 
toy tiyiSroscis peroslfi© isethoa^f hf ttitoo^oato cettioa^ ena 
by p!ifi€plio£!oly!j£!ov0yoaoto «»tliod" respectli^ly, Sm^l© 4 
!»ae tifeeo Tjcocaeo of I ts hir^h etabtllty eod M?b o^c^aifyor 
©apocjty for tfco rest of oor ettiatoe. 
p3 t t l trattoa® 
^ © pB t i t r e t l o n s o f tttoolea!! tcs'^BtopIiospJiate 
se j^ le *j were pcrfowied wl tb sodioa liyt^poxlrtet potessles 
hy^roj^id® oodi I t tb io© tiy<^rosiOe ^ I t b t h o t r saltei^ t^ tbe 
tscjtfeo^e of f^pp 8ofi f^pp©r » To ponfowt tbe®© t i t s ^ t t o o e 
0» l f l jilEsQlt eoltstiof} end ©•IW s e l t ©oltit ioi i »etrc 0tiae«5» flw 
miisin^ r a t i o o f 62!ialt eoltitioQ and t t e s o l i WQB tek&n to 
sueb e VGy that tfie t o t o l iraloB© 50 ®1 «^e© i t^ loto i i ied l u o 
eonieM f losl t* fti© 0,9 f*M of t t t e a t a s tt injstoitf iosi^ate l u 
n * folPii W0O ofltloa l a emU ooniool f lesfe. A l l f l e e t s were 
sheScip 0 t wjo© teeiiKsratuF© end pT! o f t l ie so lu t ion o f t o r 
s!je!fli(i'^ fQt fou r hoof* ®e© noted* 'Itie resol te ere p4i?eQ i o 







10 20 30 4 0 5 0 
Volume of alkali added (mU 
WIMMNM 
60 
n 4 - t pH TITRATION CURVE OF TITANIUM 
TUHGSTOPHOSPHATE WITH ADDED SALTS 
^7 
1^ 'ptTRATio!: or Tifmim Trrn r^rarn-iDprAfr (in n* ron:) 


































































?A!lir k (Contd.) 
{h) TTj 4- ng3i eysten 
0 . 
r f i i m wMiirntii iMlin « r T inii- ir " T m '""L' -—^T—T"- in i r———— - | —• " -mmmmmtm mi m\m. m nimmww»iiifi<iiiiiii»i—>-...>fi um.TStiamimmr'mmmmmMmMmmm 
0 1 , 0.1!? r:IT O.t^i r ^ l TOtCl voltisKS fi-^  Ot 
'fJo* D3 D1 r l^ CQai2i!)rloB 
1* 0 50 50 Q,75 
05 ^5 50 5.85 
3 , 10 m 50 7.30 
fj. 15 35 50 9.75 
5 . EO 30 50 10.70 
6. 25 n5 50 11.40 
7 . 30 SO 50 ii.75 
8 . 35 15 50 tl.CO 
9» 40 10 50 10.50 
10, h5 5 50 ftS.CO 
1 1 . 50 0 5© n.TS 
^[) 
TABIC h (CoQtdt) 
(o) f4qn • MCI system 
t "' ' • " f . I I i i r . . - . . . - . . i . . | i i . i •I..I .11 . . | i i . . . . • 
Bl . 0»tM Lion 0.1?! MCI TotoI voluffi© pH a t 


























































f!j© didtrlbiitiOQ stuOlee wore oerried out for motel 
ions hy Batob prooeBS In tto© ucool Rcnnoi^, After ©ttelnlnr?; 
GQuiltbihluts by sbekinn tb© imtcl ion solottot^ witb cxchanj^er 
bcafle for 6 tiouro et roow tcsHpcrntoro (30 4^  io C}. 4^c 
m valms for etetal ioii© «©r© oolooleted !^ nstng the 
followlQf, oxpreseioo. 
irhere 1 I s the iroluse of 0.002 K2mA oonensiea ^ t!i© orioloGl 
©olatlotJ tmG V le tlie volnma of CDTA ooneuaied after ©Qotlibrloa, 
tb© tot0l imltiiae of ©oiutlon «7oe $0 ral ana tbe ©t^ant of 
©scbcnf^er need wcs 0*5 m» ®»o foealte are st^en tn TcM© 5« 
6 1 
ran m» rrr-*]f !rT.*^ L tmir, 
mr 0,01^ ©•ij? i,0!i i*^  Kn-!r!>, 
fr:o- !?co« n;:3- 4 "'3 
Rd*^ 1072.9 5G05.O 285.70 It.OO 690AO 
Nd*^ 207.2 015O.O 2197*80 24.60 7^6.50 
^3^*5 l i n5 .0 5375.0 1929.70 G35.80 75^.30 
no*^ lQ3'k.4 6^(K).0 653.70 S46.90 781.10 
t©*^ 5250.0 5250.0 530.50 6553.70 6593.70 
C©*^ 5925.0 e^OO.O 1587.50 C6.30 1250.00 
Sm*^ 6150.0 301S.0 502.50 84.20 825.70 
Pr^l ^A 6625»0 250.00 57.30 1750.00 
fb*^ 879.2 5900.0 305.30 42.40 787.80 
fb** TA ?/^  893.70 "^A 602.60 
En*^ 257.3 161.7 8.35 268.20 1224.30 
Cfi*^ 421.4 968.7 7.50 731.00 604.00 
Co*" 612.5 760.0 19.60 5.^ iO TA 
1%*^ 12S5.3 812.5 604.00 810.50 968.70 
Hs*^ 91.7 401.2 31.37 23.40 3953.(K> 
m^^ 562.5 677.0 218.70 8.70 677.00 
C0*^ 183.5 11 .C 5 3 . ^ 535.70 800.00 
00*^ 570.0 123.2 92.10 743.85 344.50 
Sr*^ 78.4 9S.8 620.80 190.93 SS1I2.50 
m*^ 29.7 34.4 - 58.91 591.60 
?A » TotBl Adsorption 
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0.2 no of tli© cswlJCQGOff' ^^^ Cieeolvea tsy hoetlnf:^ I t 
to 0 beiCier otKntGiotti:^  8 f^  of c^^iate® col|>l5©tc aissfl CO ml 
of 6iil|^mrto aoia* Aft©r ooollo,i,12e ol of wotor cnfl CO nl 
of ctino<!)atiiatcQ tjy<!rocl3l3rlo eoi<1 w©rr ec'Ccd. r3tlo{! ogoln. 
/kftcv c0olit3:! I t to room tcriporotarot tltcmlao to tfee eolotlon 
t?os tfitrated CfjQloot 0,S*1 stcnC'ostI fosrlo o-r^ iiroiafn rnlpfioto 
iO 
In pr©e«j::oo of G:?^3nlun tfilocyoaot© « l%ont)::iote ^os 
11 
dotornltjofl r^TOvlnotrionlly !^ 03O6|^c«jolyMote raettiofl on{! 
tun^Dtct© «faG Cetercloea 6|)eotrop!Jotocotploolly» 
Sepot^ at1^o l^e 
Por copcrotlon etoOtoe CO jp of tltGatoij* toaseto-
ptiospfeGto to n* fom fjGS tcSco ii3 Q s less ooluiHs 30 em ID 
tieintit mc of Inaor e l e c t o r 0»09 oo# f t woo re|»cnorotoa 
tjitti 2!? n i t r io aolO and vrisl^ ed uitti ec!nloorclSEed irotcr 
an t l l t!3o cUs^nt WCB oeotrcl , Tlie rote of fio® In e l l 
ooparat^one wes 0»5 ol/edo. ifjo reeoltB ore pmeotitija In 
rifur© ^ (a^bio) oai^  ^cMo 6, 
B3 
<—I-
0 . 6 0 
O.OIM HNO3 l%NH4N03+ EM HNO3 
100 12 0 1-40 160 
Volu me of eluent (mi) 
FIG. 2 (a) SEPARATION OF T h ^ * FROM P b ^ * O N 





0 05M HNO3 l/'o NH4NO3+ 2MHNO3 
^^'J 60 8 0 100 12 0 
^''Giume 0^ e luent (m! ; 
T 4-? ( D ) SEPARATION OF T h ^ ' F R O M C e ^ " ON 
1 I - A N I U M TUNGSTO PHOSPHATE COLUMN 
85 
0 . 0 5 M HN03 t7oNH4N03* 2MHN03 
^-1 >. 
40 60 80 100 120 
Volume of eluent (ml) 
FIG. 2 i O SEPARATION OF Nd^^FROM Sm^^ON 
TITANIUM TUNGSTO P HOS P HATE COLUMN 
6G 
Tmm 6 
voK' BZPAvjiitms m TIT/'^ TIU!! T^mm Topr.y.'nrsr. c^rrr^'c 
Seporettf^ r iceate 
Ih^'^'Pb^* l%^*-0.0t!1 IK3« 
ffe^*«lf fJO^ KO- • 8H PKO. 
mfi^'Ce^* C8*^-0.05P1 n^O. 
iti^*-.if rni^ HO- • an mco-
?M^*-EB?* es5^*-o.o5n e :^o-
t i a ' *^^ ^ ^ 3 
Coooeotrt^tloR itotcatiol 




























^ e f^tOQtiol t?e© tsiBf^ ture^  by ptsttlo^ tlio eolation of 
thoriuD fiitrot© of vtiiyin^, oonocntratlooe m ttra elfiee of 
tl3c pollot of tl2e lon-esclipi3"cr hy Lreeplns tt^ o eaturoted oi^ lonol 
oleotrofiee to liotb tlje orns of tb© cel l , fke results are 
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fho resnlts of tbie etni^ etjcyi; tDat titSQloa tcts'^sto-
(fobl0 B) lo 03JSOD ro©f>ootG inatocto It© QBO ta tli© loti ooldlo, 
oea t^ l f»n^  lo^ bceto c^dlo* ttio prescooo or ^ o cmiooio c«"o^ p9 
t^e^ tuagstet© eaO plioepfieto c^jatly effect© tts© ©oleotivity of 
tfeo 40a«MB^ !3oinf,©r totjor«1e oortcln f!*cti5l ions* Dot of ttioso 
t!:otlQsi ^SB ecileottvely proferrea oror otBer© CTat>lc 5) , 
1^0r©fore» the ©cparatlon of tfcorlan wso t i ie^ vitb otfeer 
taterforrior* eotal too©. *ni« soporatto^ of ^ froa Ce*^ or 
t^ *** Jtmfl of £m*^ f n^ !7(? w€»r© qocntitott^elj' mih%evoiQ0 
fhoBo seporotlooe r»ivo t*je miaSytloel if^portanoe of t&« tern-
osetjnCj',or# CJOBOcntrotioo mteotlel t?cs also tfaseeareO CTQ!)1O 7) 
Ofi!l t^o recQlto plotted io rifcf© 3 luaioot© o iiiseisr 
rolotloa^lp bottfCOQ potcutial end Qc*n*2ttvc logerittna of 
oooGootrotlon of the oleotrolyt© i^orlon nlti^te oo on© clGo 
of tlife lo3»ew5l}es3e pallet. TJceplns the oo&oegtrattoo oa tb© 
ot^er BiCo of tbe pcllot ©o ooaetost* 
89 






3 0 h 
I 0 
0 5 ! .0 M 2 0 2.5 
- !oq Cone, of TD ( NO-^)^ 
3 .0 
f :G ^ POTENTIAL AS A FUNCTION OF CONC. 
or- T l-;OR!UM NITRATE BY TAKING 0 .5 
T\) (.NO j ) 2 Oi\» ONE SIDE AND VARYING 
CONCl NTRAffON (0 5 - 0 . r i 05 ) OK 

































t* C«D»fe!!5£ilott, »Ioofscnlc loa rso!3CQ30PS''t ElEQvior 
2 . (a) V«Vo©elF saQ V^PetzoraU, Tolcuto, i9t CtO (i970), 
(b) V»Pe!20i«I: eotl V.Vesoly, ?olcatC| 19» 1C%5 (1970). 
3# neecat pra^reee in lon-02so!icQS© on lneolQbl@ solte of 
polyboBl© soi^c, Bepa.foica., 7(C)f 615 (i970)» 
^ . tl.A.rTarlfseStyt *»Iori r.sor»eccoF"» Vol,IT (1969)« 
rQtG'^i t:c!i!20F, iBc», now !ros^> (1069 )• 
3 . C.D.ScE^ell ColorlG20trto retensloetloii of Triioee of !it»tclD, 
P.975i latorEOloao©, Her? Yoftit 
6* P»P»raell fsifl C.r.Baoll, »Solorirctrlo retlio^ of cnolyBlB*, 
Vol.lfA, 359 (1959)# 
7» r?.n*FurDca, ^StaarlnKl nsttiorr of otonlerl mals'Sls*, 
n.Vcii-!!o8trrn!*! CorricnSf ftJC.Princotoa, fCct; ¥or!:, (1962)t 
P.D19* 
0. n.r.'^opp eni1 n.^^PcppOfi J.C!iOB«Boo., 5299 C19*9)» 
9, ri^CtireCiJlt Tt.C.VcretiQoy onS A*n»Iopolli, J.C!jror.ot.» 
59» 1^1 (1971)• 
iO# f!»Qait)£33i0 K#ri,Vore!5ii©y, J,ChP0Hat», 59» 836 (1971 )• 
! ! • ^^U.ForEscQ, •StC3L!or(! notlioas of oljenlorl fmrlyele*, 
D«Vm3»!:oEtftijj<3 fiorncny, Ino.Prtrootoii, Kmf \"opfe> 
p,ni% (196S), 
Q n A p T r> n *» i t i 
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e n A p T r D > f i i 
or.PAMTIGO or l«o«ffctt l&^Ot I%«g<3« p:ii*i1!>« to»Ce 
f?i© ppepGrotloQ Of msv Inorccmto 4on«oaHS!iQa,'?,©r8 of 
siffot^nttsi |*!oe^Gt© type tne casorea the a t i l i ty of tfies© 
fssteifiQle lo ttio field of sepamttoti solenoe beoeoe© of tliolr 
btgii Boleotlvlty wJatoti i s Ijcgca opon tfeolr rij^ld etrootnr© of 
aefiatte jsirosleo HfiteriGls bosefl on tstoMtrs he^ c? reoolt^C 
rccodt attention* HiobioEj apoeisote iljecc cyotliestsed end 
ascQ |to eepcrotloo lantHcoliSe© mO trcaeitlonsl ©etel ions . 
mohim Gotimoneto^ Has bcc» used es eeliKitivo to ? l ( I I ) . 
i^i l l ips tm6 KrtmB prepcreQ olotjios ven&Qtttt)^ eeleotiin) to 
Co"'* ten<3 nQ^ *» Galifeerov oaO eo-tjoifecr© binv© 6yat .^ocit^ea 
niobium pb.Bp!>°t.""'i^  «.£) t>ydn>t.a olobia» pentec«tee<^>7 ^tob 
©ote pB eo ciap!5oterlo toa^esotJeas© oateriel, t?8s eeleotiv© 
toifGPas Cr^ol*, ro^ "*t r©((n)Q* mQ m^Q^'^ A tnnrey of tl^ e 
literQtQre tho^e tbat no stieb ©tndlee bav© been reported on 
n iobi^ eolcnit©* *^ ©r©for©t It was dooiaed to prepar© tDie 
oatorlal and to atoOy it© ion««ii^baQse proporti©©* fb© 
aaalytionl jpoteotiol wes esjjIoroO fjgr mlsioving sorw iaportont 
binGf^ i^  Gei»Gratione» 
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ApperPtoe 
l^cperatarc oontrollea SIC9 s&Mser t^ e© ueM for 
ebGiijfi^* Bfitieob and tmSi speotronlo t^ (0«B«i^«)* tihWO pn 
cieter CKMSOI t l -10 (India) were need for speotroi^otoisotiy 
sua pt^  cseaearBmcnte respectively. 
Ceego|its eofl cbeialcalB 
KiotJtoa pcntooxlde (DDH), SQleotttti dtosid# (BBfT), 
OfrsTKiiiliiQ 6titp!}Qto (nift) irere osed* Ail t&e recgente end 
obetaioole tpere of Analer grcCe end were obtalotd f rss 
OfO (Cai!leni6)« SelonitiiB dlosl(3e was dlssoli^d in W8ter« 
ffiobltis peatoo^iiie (so g) heotea wttb f^K) s i of oozweotratea 
GQlpbtirio eeia cootalolof, 2(K) Rra of acisontoiB oolf^Qto GBQ tlie 
olccr eolation wo© dilotod with wotor to 750 ml to a^v^i o 
solutAoo 0»1B! lo niobloiB* 
NloMaa eolenlte woe praporod hy QiSdinn 0*l!l eolutloQ 
of nlobloBs pcnteoside In tbo vcrloas ratios* The preotpltates 
so obtalnea WGB kept for 2^ boore, filtorea ©od waslsea ^Itb 
aeaiooralised wotort dried et 40 C is a tesiperature oontrolled 
ovoa* The dried product woe ttjon &ept in 0#OM nitr ic aoSd to 
convert i t to n* fom» washed to tsa&o i t cold free and dried 
7^ 
agoitj ot hO C» Biffereat tos^les *©f© prcpored oaaer tfeo 
oot30itloa& Qiven to Teble 9» 
CGjiDifKOB or rnrp/^oAfion /i*^ !) pcapcn'aico OF !:ioBitF?! snir^iiTn 
Sacsple Klslng ra t io pn f!* libcrettozi Coj^^oeitioti 
Kb t 8e toiMWO&M^* !5b I S© 
t i t 0 0*95 • • 
1 S 0 0 i«0% 2 t 1 
S 8 5 0 0«90 
•Raiiiii \mmi»Mmfammmmmimmmmmm'mm0>''-'i*mmmmmmmMmm.itit-- n m i wwiMgMMwii>-*#Nw»Mii^ .iw>tBW 
^5 
HJ© too-esroboQiso ©epoolt^? of vorloas tfiapl© off otoblora 
celcoite woe ^.©tenaloca by oolc^} operetton* The ion-esohcnscr 
ta tl^ e bydfogen fona wee pliioea to the COIQISD trltfe slas© wool 
eoppdrtj. 0»lt! eolation of potoesiuEi nltrote solatioQ ves used 
@e tHe ©laeott fho hydrosen loo elote<3 from tb© colarjn wore 
tittt&^trteolly 6eU>tmine& vith eimdora solntioo of sodftts!} 
bydr9sl{!e« fbe reeolte ero eoBsnerteed in Tal)!© 9* In order to 
®©c i t e woiftics eepaotty o« ion-excbanfor, t!i© oii|>oeity we© 
dotexiffiloed for e»!io end divalent oetion solnttoae* ftio msnlt© 
are 0ive» in Table iO« 
TABI£ to 
i(i»r-ESJnA!!GE cmmin ow mmim scir-tJifr (Sit«i»M: s, TM5te 9) 
" " —""I "' '"" ' ' '"I -^-^ ' 
netal ion Salt eolntion need Xon«*6xcbans© eepccity 
JJr(SOj)g 0««0 
tt* MCI 0.80 
Sr* 
Be^* DaCl O.^ O 
*mtm watwiiii 
7f) 
file sos^le S vee dried et different teaperatfirvB to 
a Q»fft« fiimaoe for mm lioar and the lett-eseliaBge mpmity 
for 1*0 M^ «a8 t»0<»i t*IIOt 0*70 aod a»%0 neQ/g for prodoote 
A A Al tt 
dried et tOO C, 800 C^  %fX} 6 etid 600 e reepeotively* 
Clitaloal eteblltty 
Caett^etlws teet 
A emit emiont of oeobenier «as dissolved i» 
ooBoestreted oitrio €N3id» l^r qoetitetive deterslBetioQ of 
oiobinay one drop of tbe test eolatloa WBB nixed ta a test ttitie 
tvitls 0iie drop of e ff^ oQuemie eoltitloa of pyii^ellol«%-»eiilfo&ie 
eoid* M fsppeeromiG of oroage to red eoloor eboved pre8«aoe of 
ttiot>tim« One m of ^ e solid 8fliq>le wee vsraed «it!i i^2 ml of 
iO^ eodlim enlfite eoiotlon* fite eaepeceioti wee f i l tered end 
o drop of the oloer limpid use treneferred to e erooitile* One 
to tisree drop® of kO$ fonsaldeb^de vee edSed and the eristore 
wee wemed* A red preoipitate of eelenite spidered* 
Qooatltetive wielyeie 
fo Study the aieeolation of the escthengerf 0*9 g@ of 
esoheofer vee talcen io e eooiocl flcs& ^th ^ «l of eolatioii 
oonoeiiBed for k tiooro* SioMum esa eelenim in t^e eopemotent 
^^ 7 
rewpe&tivety* Suckle S was t«2&«Q l>©a^ee of i t e Iiicft 
stabtl l t^r CBsd liioti ©seboi^e ©Bp£?ettF f o r tij© w»t of oor 
fl io ^ t l t i ^ t i o n s of fiioMoa selenito tasaplo C ^ore 
{>0rfoari}e<3 witb I t t l i l t i s ti|rdiosia«« sodtoi! tiyaifoside mid 
l»»te6bicifQ bjratoxld© wlt l i t t iotr eolts^ fty the sethoj3 of Topp 
aa^ Pleppot^  • fo |>©rforB ^e»® t t t ra t toQt 0»lf! aUtolt solution 
aai fl«ilf delt soltittOQ «ore a6aed« flio slsiliii; ro t io of QlKoll 
solution em& t t e ecilt voe t ^ o i i in eaoti o wi^ Hist tfete t o ta l 
^olmm 30 31 960 oalntQitiod to s oofitorl f i o i i t . ffie 0«$ p ! 
of itlo^iOB •olcal to to n* fawB iras &€&M in emh ocmieal fla@&c* 
A l l fjlasks wofi} ahtiEGe at wwm teapatatova aEii | 0 of ttie 
aolQt|<m af tar eliiiEiiig for four tsoora was isitad* fl ie itiaolta 
ar© G*wo to rtgore 4 mQ f ^ l © 11 (a«l},a)» 
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A NaOH^NaCI 
o K O H * K C l 
«LiOH+LiC| 
^ . 0 '30 
V 0 ! u T>I o f r.!'; •.I! r.cc;^d (r,i ' ) 
FIG.4 py, f lTRATlOH CURVE OF iMlOBIfy 
ScuEWiTL WiT-1 ADDLO SALTS 
6 0 
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Tiffiir. 11 (eoDtd.) 
(t») ^M • Wit gysteg 
" '' »' ' ' '' t 1 1 
SI. O.IH mm O.lf! SCI fotel volnm pB at 

























































fmm 11 Ccoota.) 
(o) Upn • lilCI tgratea 
' ' I'" ' • i — "' • "" »" •" ' """ I ' '" 
5 1 , 0«t»! Um 0«ilf UGl f o t o l irntmrn m a t 
ISQ0 cil e l d l eQQllibrltis 
30 50 «•%$ 
%9 SO 6.90 
«0 50 tO«00 
35 50 to* 50 
50 50 10.55 
23 50 ii .oo 
SO 50 tUh3 
15 50 ti.75 
to 50 Si»80 
5 50 18t00 
























^ 0 aietrttotioo etQ^ieo were oorrlea oot S^ p isetGl 
l i 
toB© |jy T)®to!i prooees to tlie aetiol Es^ iiacr • After ©ttottjios 
cQc}iUt»riO!!i t)^  aliotlQg la tlie faetal ioB eolation ^tlt 
Gsebeoner tmee© for G tiooro ©t roon tesperatore. liio Sa voloee 
for s t^Ql lOQ tfore oalOQlated 1^ QSIBC tlie foll^mins esproesloo 
sa • i-S-^ X 100 el 6** 
r 
i^ 0r© f i s ^ie VQIOG of 0.00211 EBTil eonsosiea W tb© ortgleel 
eolQtloB m6 r i® til© irol»i30 of VDTA oocsttatd after e<|utlii}riti@* 
flie t0tal volQ^ of eolatimi ves 50 esl aaa the satotait of 
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8,^  
Separftttons were tried cm the besle of difforene® to 
M values tftiiof} mere detenalnca tiif batoti prsioete eQollibrQting 
tbe ooitsttoos for 6 boors oe roots teiipoftitaro* f^r oeiMeirotioQ 
etodleo S«0 g of oloMtm eelcBite lo n^ fonss vae t^on to o 
gloee eolu^} 36 o» io tiol^ht end of iaoer diaseter 0*69 oss* 
Tbc »©te of iltm vtm 0*5 fsl/nln ana to lal fi^ttooe of ©fflocnt 
vere oollooted for the cmtal ton eootcat det«f«Ai»ittoQ6» Tbe 
r«BQlt8 arc preaentod tn Ftg»9 (etb«^%ma to Table tS« 
8S 
2 . 6 0 • -
DM W 2 . 0 M HNO3 
p .; C) 
160 
Volume of eluent (m l ) 
FIG 5 ( a ) SEPARATION OF Th'^* FROM L a ^ ^ O N 
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FIG. 5 l b ) SEPARATION OFTh^'^FROMCu^^ON 
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Volume of eluent (ml ) 
FIG. 5 (cl)SEPARATION OF Pb^**" FROM Z n ^ ^ O N 
NIOBIUM SELENITE COLUMN 
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40 60 8 0 !00 !20 \A0 
Vol'jme of eluent (m!) 
r i G . 5 ( e ) SEPARATION OF Ce^^FROM La^*ON 
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A SOO m povtitm of tt30 «r«l& |Ki»d«r«d oiolilim 
eelesHe «@t diesoii7&a in tO isl stilf^tirlo 8oid| otolittis 
^ae deiendaed grovtisetrioolly ^ pFactpltatloa witb 
oopfepfoti end eeleaiois uss eetlested grevleiotrteglljr tiy 




NioMas seleaite befeaves m e irect ootion ©solifiano** 
with loi]^se!imi|*0 emmlty for K^ tmn m 1 mq/m of tHe 
©xoliciil»er (Tebl© 9)» ^© rosolt® 0f %ble tO nhm that t&e 
iOD«^ sclii*nc® oapeetty "itirloe wttli the natare of the pittel 1OD# 
Hest treetiseat of t!ie ^terlQl ettoite oo oppreotable 
lose of loa-essjhengc oepnotty opto 800 C ena ftmes erti b© asea 
Qt hi^pt tei3perotor« an ciJvooti^ © over tto© orgeoio reeins enC 
ita tlUe oeimer tt behf^ ves slsdller to tfic otber inoroeoto loa* 
esotJOQ o^re of tbie type^ 
fbe r«8i}lt9 of tbo pll titrstlofi of olo3)lti» eolesito 
vitb NedH-l^ aClt UOO-tlCl m6 mihWl preeentea Iti Ptgotre k 
tndleeto tbat tbe oaterlel bebeveo as a aofiofttootiooal 
ire(^ ^ i d in Q^  fosQ* 
ftie raaolte of tbo m voloes wltb differe&t laetal ions 
(f€(ble 15) toaioote diffor<^ti©i saleotivitr* Chi tbo besie of 
large aifforeiioo In m valoes ttia iioaetbla Itai^ ortont separations 
•^ere triad ana tliose Qnontttotiiraly aotiievea are Iia«»1f}» fh«€i}y 
!%«Ca| Eo«!?b« Le«Ce« 
q^ 
l i e , 1C7 (1976). 
0» J«P*Oi]pta, B«V*Koirelly M»Qtire«!}l aad A»r«Cfipte» 
«l«fnoiiei}lc KttolvClieo*^ %0« $k3 (1970)* 
81 (1962) t 55S0. 
f8E0?»ert, I*r9sj«0t»raati7, fovafoye Zotitsl, 2C (1969) *6» 
5» Tfia*I«S!3t:fcier©v, tti*V#Ecorov ana fl»N«f%stovi!lov, eti.roofg, 
KUlfflt, 16 (1971) 1026. 
6* 1^ »X«S!i^ :t)fi?«v end 1^«rgon»Ti IsY«li;i^ *Him% SSSit, Heotg, 
Hatert % (196S) 996* 
7« Vti«X»£iiMiei«v cma fti*V*rgoroT, X8ir«iSlea^ «Htiik @SSB, 
8coit5*nater, 7 (1971) 19*3. 
8. X«H«!lolt!ioff» P.J.Elvingi freetlee oa Analjrtlaftl Ctieislstiyi 
IntersQlcooo Pobllsliertt, nm t^tk^ Par* II , t^l.G, p.S97, 
9. I}«!1 i^^ $ll ruresB, Stosaofid ^ttmd of Ctieaileal ^elirele, 
r».Vaa Hostnsfia Uos^coy, IKC* Prltieeton, l « i <f«r8eF» 
Ke» Yoffe, Slstfe CdltloQ, Voi.X, p*930« 
10. H.r.fopp and E:.w#l^per, «I.C!its.S(io„ 3299 (19%9). 
^5 
$% i* i (i97J). 
i i * (l*n«F*Iii!i<!!@ll m6 J«I»rfof${sgiit ontlioe flettio^ of et^esionl 
433iel5^ ei6» !itl<^9 nev toisU^ i9S8f p»ftl7« 
13* S•f!•l^2t^'^fff 8»d f»»«l*clvingp firoetiee on itaolytleel 
l^ceiietfyf Xiitersolciiee Fttblifher®* Him totk^ Fart fX, 
V0i«7t p«t70» 
C O A P T C E - I V 
•^6 
e n A p f E u - II? 
iwwii—wiwiiiiMWinwi ,j«>iiwii«iii.iiinii 111 mummmmmmKimm 
or ifs Km^r.mmm'. ^m rimnrw^rtcn, wnimmm 
of ijyatoa© ost«©e of tilgblF e^sergtS tons wltti ooe ostse sior© 
eetato t^sa ^ e ottier» Sos© prodeet© ar© eliester^llF ©ore 
ei@!)le i ^ l l o otlBere are tdo@ m* ftts as>f|i!o>ti9 pir@o£pit@te8 
ticwe 0ffcoter Esarfeee ctee t l ia i tEie oiystoll tn© eo«poiiod®, m^ 
thewofom h&m hlrfiier tm m^hm^& et^pmttimm Cto tt-« otiier 
lissia ill© of^stolltis® pf0^iot£3 ar® stctol© m>t% ttoso tfe© 
Ofsorv^us preoifsltetea* 
StKsoaiQ© i^o§^ete t©» pro^ciiiy, t!i© f i r s t aaa tfce 
t»©t ©ttMSleil of ©11 tl3© tsmtfcetlo luot f eoto lml*©«lieisg©rB« 
Bo ®®y fso6©tbtlitl®s li®^© b@ofi t r ied for ^e- |>reftr®tloii of 
1 fi 
©fjcli toB-CEetocoscr© o#s« ©tcosto ptiosi^ot©% stsimto si lyU^ctt% 
tit0n|tiQ tim»etoto^> ' ^ tta# fti«e© too ese&cai^ er© hav® tm^m 
roi^tofea to Ctseptor I# tlmmv^T$ Imithmmes taafstat© be® sot 
IscKj ctGtliea to fer t tti©r©fofts, i t we© aeeiaesa to mi^e emh 
Btn&im on ^ l e ester te l* 
Iiiere®s©a renge of cpplleotloss c® w®ll n® oo^ 
OoiroIopHcct© i n ©lectroeaol^toal teol!i»i<|ae© f.lv© irey to &ta(ly 
9-y 
the eleetHe^l properties of totJ"<^ ol^ Qns©PS» ItitwSa^aitGl 
Btn^iec of ayottjetto pol3rr?@r tcwQ esoDccner© oslsf^  oeftjroao 
potetitlolD oto« e&ot? ©."^ rpeotea Benastlro reepcBBtee isltls gcioG 
oorrol€itioo6 of eetctctivtty i^ttli oortail^ netal Ions* 
Soeb etn^icn Ijcve bcro fofiorted isi the present CDcptcr 
OQ Imthmvm tocrtetct© pellet eo ioofscoic icm^^xcticagep 
•^8 
fenpeyotere oostroSled 9JC0 eliclier we© cge6 for 
Bfea^ ion* Becsotj mi(5 tmilb ©peetronic CO (n«S*A«) m6 rwoo 
pH o©t©r CK>a©l Iii-lO (todio) ^©re iisea for fi^peotropiioto* 
?orol©r I^teatloeeter Ho»75^ for tlJ« pot«»tlel ee6£tir^ieote« 
RcGf,egte mQ otieBtoels 
aoid (rrn) wef© £isea» All ot!3©r roogests eai olsnaloc^ l® i^ere 
of /teelcr 0roa©« fjeEt^ eaiS!!! oitrote «aaiti» ttmsetet© wetn 
ateeol^ed ID <!e«loerolleee w£t«r« 
SyatFiegJg 
eolattcms of limtlseiitie nltnsto aofl sodioii taBigttet© la 
vcrlot30 rstlos i s preeene© of eeetio «©t<5 (SO al gleclel 
cQotto sold per l i t r e of flosl solcittoa)* 2l2e preolpitet© 
®o oMclecd wee Isopt for S4 boor© tilille sirepl© Ko#5 «ffifl 
roflcseti for 49 boor®* for ©SB l^en 1» s tsS 4 t!^ © pn «€?c 
of tbe orlaioci @olottons ^^tlo for s f^ lce 3 •ot! 5 p^ •^es 
cGJoetcQ to e©ro t>y tli© ei** t^tton of ni tr ic ©cfl^ . I t t^m 
^9 
tfecn filtered ©ail wcsliea «?ltli eealooralteed water, (firlea 
at ^9 @ to 0 terjperotore oootrolle^ ov©o» fti© dlrte5 pwQ&ast 
1SBB then fecpt In StOH oltrto cola to csouvert i t to ff for®, 
^GgheS to oafs© i t mid freo end arled egaio at %0 C« Different 
©csplot wore prepared ctuder ts© eoaOttlaue gtvm In Tcble t%. 
Boapl© Hlslon rotio |f! B libcrttloo CO!:!?Ki®ttloo 
tQ I T; iOQ»©SCtl«fJg© La : ¥ 
cepaelty 
MTiii wiiiK»^.».ji ;iiawi>wrjM>..jtt4. ,I<IL. i'j,.iiniw7iiMMBa—iiin.w/mjii:utijfcrfuwnnf^a^t**E J««^ -^-. jaj-^j<ifj«gwa»iiaiaaa«iiMa»nw IBjy.fiaan 
t i t 1 C 0«S0 I t 1 
0 1 t C Q 0.75 
5 C 8 i 0 0*810 0 t t 
1 e t t 5 Q»eo » 
5 C I t 0 0*85 0 t 1 
« TleflGSC^ PlO^BOt 
Preperetion of toii*ese!3fmror TOi^ran© (pellet) 
^le IriittivmjnD tannctnto scr^trr-oo ifcs nreyjrreQ !}F oi^ l^Bf, 
la5tbr.!itra tuof^ fctotf (fftrjlc ro.5) GD^ polsfetyrfiie (la t&e rotto 
of 3t t ) t?ere orttstefl to por.:cr ^Wi tijo tsolp of o pectlo KI^ 
-)00 
taortcr* toti-.eselJimi!er pellet ven preprr©^ et 80 C soa 
g 
tOfCKK) prt preeeore tJsr the tmthoQ « Cf»r>*lPat«nt no*261<kt976» 
























llj© loB esefcmge oopeoity oS t!je vorlcm© essipleB of 
Icn^easn tcn^'etnte tras aetcrnltjcfl h^ colusti opei^ttoo. Tho 
tOQ-CECfcniJ^ er is the tyara^ca fors wcc plrscc is tlio ooloim 
with glrsf) woal sot^partf 0.1?! solotioa of potcsstea s l t rc te 
solottoo wrs «ee«1 ee th© elscat» fhe tsySrOc'^ ea loas oIoteiG 
fror^  tbe OOIQSS wera t l t r l sa t r ie r l i^ OeteriBln©^ trlth etcailcrO 
solotioa of eo(''tGn f!y3rosi«1c. 
GheelOol ©teMltty ; M.iii<nm*r.itaiw.<g» inHiWiLla 
(1) foalitntlve raclyelst To pcrfom t*'.iG enrlyete- ii Er!i3ll 
anocnt of ca«3^ . sffiple wgs forci? vttb foSltira oci*?0!jj»te 02^ 
potf:©6iBfi ci trate, ffee fot:>f nraScct res ^,ierolvefl to fttet© 
101 
Qitr to ^1<3» 3^ firop© of t&© «ii!i!pl© ealotloo were ©tsea 
on tb« epjt toGt plato G5*°* etimnoae otiloride eolotlc® to 
ooEtecntrotefl Ii^orocblorlo iieiQ was edj^ eO, 0 fjloe colour wo© 
oti&erwe(^ fo r tonf^ctets* I ^ tc!2la3 otfcer 3«4 6njps of tlie 
Bcffipl© «olotloo OB ©pat plot© on<y <!ront' of 0 0.3f^ Acid 
fi9a9o£}i^ }!9© BofScsffiB 5 «ti6 baffared to pn 9*9^ was cfdcci, 
tb© oi4tiiig© ooloar ^e© o^e©r««d fo r l€!Qt::iaaas# 
(0) C^fsitttetlv© analvtesi Tb® obai iocl stub! I I t y of tl)te 
^ ^ WMiTwiwi III < " iiM III' m> iM II M i l III iJMffHwiriiai ^ 
©ntertel 0#5 8 of ©schaoger in tiy^^pogen fons •»©© etie^ea tritt i 
50 o l of e!:^fosl®3te solvent for four bonm at roos tct?perator©« 
In eepoffieteiit I fyor l&nttamm ««© aetcrralDeo ©peotroiiJoto-
cmtrtdGlIp' iby osirised f^enotosF^io'* Itie toaf^eteii I?CB 
eetiedtc6 ©fjcotrop&otosetrioolly oelof, ^ locyea^te, etfsntioas 
cfjlorlde rastliod • 
^ © | 0 t i t r a t i o n o5 lK}t!:eatia t«:3~etet@ empl© 5 
^op© tjerfoit!®^ pf th l i t f i l an bsrcirarriCet eoOloci ftyditijsice, 
fjotesetes fss?(*!roj!tCo in proeeooo off t bc l r ecltSt b^ the csotlioac 
of ropp CD^  Peppsr''. fho contents of tfi© fIcgtf® ^ere ©bfCieu 
fo r k iioap© me tho pn of tijo Baper30teBt solotloae ^©re 
j n s 
©•S m of tmahm^^ev was tsissolmia by feeetlas I t 
to e l>er&8r ccnitslo4n« 25 e l of ©oiMscatrat©^ »l«r to seta. 
The dlesolvea portion ^ss di lated t i l tb aeelfieralleed woter. 
LeBthcmns Ita the golotlmi «©© <!©tef®lfi©{l speotroit iotopctrl-
eel lF tjy oKldise^ Benotosyllo eetfcod'* ftionst^ia pretast i n 
tfee solotlOB ffas flctorralijca cravlFietr lorl ly wltb t^resroas 
10 
n i t ra te » the suturfit©^ fiolotloB of eercMi^n® a l t re te wee 
proparca ^th o ©llcfet beetlog liy eaotug few dfone of 
coitceatroteS o l t r l c eol6# issrctirous n l t rc te wto (*M.^ to 
tQQf»stco cootcltjtof* solQtlOQ* ft»e preolpitct© of morocroas 
ttaonsteto wrs bcctc^ 50»^ G fo r bal f ea tiour thtn f i l t e red 
o f f on icfsetcm tio«4S peper. <nio preelpltcte %'PB <!rlca asd 
i(?nltci1 In e Ofwoitilo ese"* %*ot:»!iCi! ©© ¥3-» 
1^3 
mmtMT 
i i i i i i l i i iniMi'i i i niiiiiiiiii 
nopeotty 
Itie f«0alto of t£»c loa 0asjtJir3.ce Ofips^lty of Smtt^ Gscrn 
tuiin©t8t© aftffteront sf-'plco te presented to To&l© t%* lo 
oiKlor to stn&y t to croifslo.?, ocpcolty cs ton-esobaci^crp tbo 
loB'-oajticBr© ©opcottF «ce oleo eototntceC for eor® mono md 
atvoleat cotol iooe. Its© rosoltc ©re suEraartBefl lo fBlite 13* 
fmm 15 
•MMMWMMMMMBtaMtHlHW 
fsjo nirn^!!E^? 11:11 /^"D r-iVAi":::? r-TAi locTi 
>C»1t»w »«*M A# .^^ 
01» Jtotel iOD Bolt ©olatioa Ioia«cscfiim'»o 
!lo» o6oa OGpaottF 
s# u * t.tei 0.0% 
2» !30* !3eCl 0 .04 
5 . F^^* t^jCHtJjJg 0,70 
mwjr.^mm i t . •cWMrtttiJiiM-irtlMMBWrii ,iimr, r » c . ,<— „i«ir 
UH 
fli« risalts for ebtsiool sts^llttsr of llim^aiiini 
toa^otete of OGeple 5 to dlffof^tit vyuteam tam toffiaarlsod in 
vmm u 
mnmwnm op i^ TmrntM Tm S^T/fn 
Solvcsts Ui W 
mm 
m Aoetle ootd 
%li pr^ffooEilorio aold 
%lf eolfiliarlo aoia 
4!! mtrie mia 
UH Sodloa t^fositdo 
2n JMKmtim tifdrosido 
tN SoaioB oblorlde 
in ihHsKiiini eblorldo 
100^ EttlfiOOl 
tn mtrie acta 


























t t t ra t io i i * 
Zn ord«r to flna tli« totel lofi»eaEOt!6iino oapoolty of 
l^aithanan tungetett end to toe i t s soidlo lietimrloar pH 
t t t ret ione wefo porfoieefi* ftto reeolte of tfa® t i t rat ions are 
presented in figure 6 and fable 17 (dfb^Oyd)* 
TABI£ 17 
mtTO ADDED SAI/r 
C») SaOH • HeCi gysteiB 
I I "' ' ' ' t' ' "" " I " " ' " 
S I , O. lM Kaon 0«1M l^cCi T o t a l volune pB a t 

























































Tmtr. 17 (cootd.) 
(t>) wn * WRl tyetea 
T . K . . I . . .1 ^ 1 . 
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f/©in 17 (ctmta.) 





































































i t .SO 
IS •90 
tl«t?0 
III iniiHT 1 Til "1 i r . r i l l — • 11^ 
J^8 
tmti: J7 (cotitd.) 
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6^ i"^ ' 
. X — X — X -
o NaOH^'NaCS 
o LiOH*LiC{ 
X NH4OH ••• SSJH4C1 
10 20 3 0 4 0 5 0 
Volume of alkali added (ml) 
FIG.S pH TITRATION OF LANTHANUM TUNGSTATE 
WITH ADDED SALTS 
110 
m i I ii'f i i i n i - I 11- I M i l 
'TIS© rosalte of m^r'brcp.c n3tontiol t)^ (milS^aZto) 
oMrtnoil across IraitlienaK ttmrtetnte ncrTirrae for eer t r tn 
elcctroljrtce at ^ifCorout conocrstrattoEie are 6frr:ariEe{» 
in Table t8« 
HMWMPMiMMWMM 
T iiBRMb r-"TTwnrT<friMn«rr--inrrri—iw i—t i r t - r t f t fnwiMmniTniT i i i i i iu wiirwffTninwi i > r i w T fn f—nnni iiiiniiii n 
nioctralFto ^fec^rano fotcotlrl© (ntl l t^Dlts) 
OQ/1 ISJl !:cCl MCI Wlfpi 
l/.t 8.S7 •O.ftS -S.?!! 5.t9 
0.5A(^ J5.ift 6»36 7.7S 10.63 
o . iAoi i7»05 «o.f7S e5«26 ns . i? 
O.OS/.005 C4,7e 36,0^ 34.1S 39«59 
O.Ot/.OOl 41.49 ^1»33 42.12 53.53 
O.OOl/.OOOt 53.25 4f1,07 45.<® 54.54 
0.om>5/,cmC05 53»61 50»12 45»50 55.00 
EJRJK -<MWtf1 Trf .«lB.«hS£ft.«UB -JSaa»i 
Ill 
otsensstos 
1ti« rwttiltfl of Tibl* 19 i^ov that leo'^aBfBi toiiittiite 
%«!isv«t ts fi %mtm oetloo ttej^angur* fa iirdftJtiii font I t votHs 
et « «m0ft!f»tl9itel ir«cik aeld (Ptgar* 6)« Otfter ftadics revest 
that letitbffiitBii fQiig«tet« pellet wmy hB oMd ae an tocifiienio 
i9ii««xetiiitiger wmibwme* iM^ttB of fable 15 tor tHe oepaotty 
with l i % He*, t * , Co^* and « i ° * Inatooto tftat tha toii-ei(ai«iie 
osficoi^ le oonateiit for ^aee loss «lt!}io escitertiieiitol error 
raoge* nesee, laatbatiaa tonoatote eee be ttsea ae eo toor^eoto 
tcni*«xeti6iiier* 
4 looir of ejmtbesla, reetilta C^^ l^e 1%) and oheisleol 
eteMli t^ (Table 16) lodieatee tbst easple Ho»5 ia seat ateble 
and Bhwm good oapaettir* Partberaore t t le prti^red oodar 
ref los to gtw perfeot pfeelt)itetloii» beeoe tbis aasple (!lo»9) 
v©8 atQdIed In detotl* 
Geaolta assisrleed to fable 16 give a proslalsg ataiillits^ 
of lufstboniie ttmgstate In varlooa eyatems at o^derate eotato 
eE3i baalo pn* Botrevert at bibber eoldlo or baalo tsedia tbe 
pio^et la not ao ateble» ^eroforei I t em be osaa 1» ^»aerete 
eeldlo or b@6lo @6dla« 
t0 titration eorvae ftreeeoted In ripire 6 Indleete tbet 
tbe f^terlel bebavee m B wet^ mi& In hwdvtmtm fora* 
112 
f^ •totr ^ o •l«etiv»di«»ieel iiroipQrIItt of i9ii<-«xe!s«]@ttr 
tB6^r«Bet tii« ttiedrtce applteetile to i^ysiotogioel •wsbrwcs 
heve hem tried* fJoaonM^dlF ^ * elooidatlon of t!i« tiotunrtonr 
of toii«4>xelieaier soetireiioi wltti a tttsple ettoetoiw najr hel^ 
In QtiaorctiNiidti^ tbo pfoeostot oeeorrliig to tht imoh aore 
oo»pI«x ti^flologteel aee^reiiet* flie |>r»peif«tlo» of toii«^ 
exebeogor mmibreae In tito fofo of e pellet uhloti le veetie&toelljr 
novo etelile ttien tlie ordineiy aie«it}r«iieo« may liftve • groot 
fiitiii« io eftfttieal teohool^jft 
Itie noit etodtetf eleetroebeideel pioper^ of tbe 
t<m*oxob0iiger eieiibraiiet te the eonoeotrattoo potentlel vlitid} 
Is ttie eeabroie poteotldl vbeii tbe n s^ibrooe le botveeo tvo 
eolottoae eontelBltig tbe eme el^trolirte to aiffereot oooeeiiw 
tratlmie* flie oooQter loo v l l l tend to <Slffoee aore rapldljr 
eoroee the 8eiiS»r&iie tbca tbe OO«IOB beeanee tbe acmbrmie le 
ffiore poitte^le to tbe ootmterloft* A set tranefer of eleotrlo 
ebofie le yeeotted br 9BT esoeee of oouBter loo dlffoetoo* Tbe 
e l ^ t r l o field bollt op to tbie nejr eaforeee tbe bolroee of 
oocmter loo eod cotton flosee, fbereforOf vltb eatlOB exobasger 
senbrffiiea tbe eleetrlo^l poteotlal (ooseeiitrstloa poteotial) 
to tb# a l l ^llete solotlons le aore poeltlire tban tbe eoaoeii-
tinted eolotlons. 
fbe reeolte of the f«ble 19 Are In oooorOnaee vltb tbe 
above teble dleooBal<»« viatyliig ooneeotratloiia of eoee 
i:3 
mtmtmtftw ^« otmoeiitrtttioii pitentlol tiior«o8es In order 
of acertovtiig We§- ooneentrstlons* 
BisiroD vAtmB (0 mmun RATIO sm mmenw FIIEB coA r^j 
!J^Sfff or I*A?I1?!il»mf! fn?IOStATC M!!®ilim8 BY VASIODS HEfEOtlS 
•—'""—*"•'•'•' ' ' "' f"" 





















fbe bSBio ootieept of tlie early Teorell l!siyer itieoiy 
t^iftoti WBB aoveloped tnttialty for filiyeioloslenl oei^reiios^^*'^^^ 
may bt tried for too^esoliecger mmlbrmtf leottJunoB taoiiitato 
peltot tte v e i l . These eotDore dertfed tbe foUlovtog e^oetlon 
for iMsA»rcQe potcatiel 
n^ • 59»8 log >. 2' ""^ ^ "'" • C log * 
v^ . 
nhere 0 » ;;;--j v. 
J ' 4 
mn6 tJ^ «ad V^ Bf ttie eobl l l t i t f of eatioo md imloiit mnpm» 
tUmlYf in tli« m^e^reae ^d»9^ md % in the ehmtg» mi tb9 
imi'-m&btmge m^^rme expreesed in •QQtval«iit/tltr» of tatf»tb»d 
•olntloii* to onStr to ^veloeto ^ i e paranetor for Ibe olflplt 
«emi t i i elaotrolfte «iid toii*«xebeitg«r iseaiDrsiie earrsrlni net 
negetlva ohetf« of imt^ ( I • t U theoratteal cotio«atr»ttoii 
yotentistt £1^  osietiog aerofto tli« loo^xetiai^o itenllniiie «oro 
eeleiilated «t a foaotloa of C t^ tlia ratio Cj|/0| being leapt at a 
emiat(:>st ^It ta of to for ^iffaraot w M l t t r rat lot 0 ^ ^ and 
plotted ae c^ ono to ftgora 7* f^e oalealatloae vara »ada oo 
tlia beaia of TaoreIl«Ha3rar»Sla^ra (f}0) sattsod idtti the tialp 
of resaltt prasaatad ia fal»la !^» 
l^loea (Stained W t&ia proeaa»ra ara preaantad tii 
fa!)le 19 and plottad to figure ?« flio estp«rl@ieiitat retolta 
era aleo ptottad to tbe aaaa ftnora* A oo^eriaoa of thaaa 
resolta raraal ^ e t i#ltb iiiii«t!i}lirala!it alaotrotsrtaa tlia 
espari»!ital entve y&B alstfted tiorteootatlr wtd ran parallal 
to tbe tbeorettoel oisrraa* 
f!ao€atly fasaka at al» " mriree ea eepattoit jrtvco 
t»olo® for the loQ«a3Eo!iiragar are^i^no potaatlet 
^. • .f( i=i j( | )t /cg 


















FIG. 7 .EVALUATION OF THE ION-EXCHANGE MEMBRANE 
CHARGE DENSITY X ANJ MOBILITY RATIO O/V- THE 
SMOOTH CURVES ON THE LEFT ARE THE THEORETICAL 
CONCENTRATION POTENTIALS FOR A CATION SELECTIVE 
MEMBRANE { X r 1) AT DIFFERENT MOBILITY RATIO O/V 
THE EXPERIMENTAL VALUES OF Em FOR LANTHNUM 
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i n «rf 
us ipJ C5 CJ 
« 0 a p 
««« c p 0 0 
p 0 0 • • 
0 • • " v "N. 
• "s. «s» fn vi 
*s, i n *i» r 0 
S8 8 ? S 
• » • • • 
© 0 0 0 © 
V7 
relAtloasbftp betireeii 2^ aoa i/C^ Snm ifblob i em lie oeloolated* 
A sot of etreigbt liiie9 in rigure 8* Th« valats of i aertvetf 
ffOiB tti« ftloiic of tbe lltt«0 ore glvim in f«1>lo i% Itio i^loes 
of i ovelootod fron t»o^ tbe ptoeoairee 9?!S ooa fttift ot e l , 
ore 4ott« ooa|»»f'6ble (fable t9)* fl^ eee t^soltf i«Teel tbet the 
tbeoretioel reletione applied eerl l t r for pb^aiologleel meilbrmie 
ear aatlafaotortli^ be eppltea for tnorgaolo iofa^ e^iicfeaiiger 
ntaStrane (in the pellet fora) of Imthaoov tongstate* 
V8 
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J ' 9 
mummmmmmmimmmimm 
i« G»Atberti» ir.CottmittsOy r*M»6t«g9rlo and l«Torf«fNi«t 
J«Ii»«g*Kaot»Ctiwi»i &6» 8e%l (196%)• 
(1969)« 
5« tftQomttit and S^V.mpf^ ^«at«ii,Siie.« t79!t (I969), 
%« N«(^re«iil, w»G«V«rftiiic3F md r«Kli«ii» 8«pBr«Si!l*, 
6. 559 ( I97 i ) . 
5« 8»V«tnisftla| AnaloslSf I9 5i4 (1979)* 
6* W3rlU«,».R,ilM d,!>lt3r0*eh«a*» !»if C0% (t95D}» 
n^vm n&sfnmf) eospsiyt fi«« 4«rs«r« 536 (t959)* 
6* f;«B«6indtltt "ColorlMetiio f}tttf«liMitt«i of traoM of 9tet€^ l««* 
fftterioteiio«| Kew YOikf 886«890 (t959K 
9* ll»B«¥opp Odd S*w«Poppert ^»l%«ab8oo»> 5899 (t9%9)» 
10* !l«S»rax«8tti •Stanaorfl aethofit of ite«1^Btv*| 1163 
(l96t»68K 
i t , f«or»llyf»» l>roo»8Qo»&s|i*Dlo«l!ta«» 55t ^^ (t9J5)« 
te . fe9r»ll,T,» t»r(»o*Hatl,^»aa.Set»imA« e l , 158 (1935)« 
15* lie3rertS.Fr* «Dd ^•r«8&ever6» n«lir«Cbe««^tOf 19t 665 (19f6)« 
14t Kegrei'fS*!!* imd il«F*Slover9t t!tlv«0lieB«MtOt 19» ^ 7 (1956). 
15* ffi»«teft»^*t W«A(Mi T.Konde sua M^ HagetswOy ^«R^«*C^eB*, 
rol*79» »o*15, 1307 (1975). 
C B A I » T I 1 f i » i r 
mxsm nm AUjmmm wmmnm 
120 
c H ji p f E n * y 
ewmmimmmin mpmmtm OF Bom mtmm m ptrnm 
WMmib mm rnxmrnm nwmmm 
toii«MOti^ !ig« ebffowitogf«pl^ Is a povtirfnl tool for 
obevloel ooptrditoiit* At^oai^ tnoiieiiie toii«>oiBebi!iigero, ^ « 
oltmlnooilioatof vtro tlio f trvt oyatbette toii«tieliitiig« aiattrlals 
eppllad for ooparotioiit iiaaa vaa ItslieA booaiiao tbof aiaiiitag« 
ratoa in aeld and allraltiia aolntiona* fba onaiite toii««]tob«!ig«r 
rasioa baocse i^rt oaafOl* Ifovavor Hy tlia vott of sraoa and lila 
ootlaagQoa tlia leteraat tovardt a new eleaa of limrgaiilo 
looMnnsbaDgare vw revtvad* Herons slreonltni oxida ima found 
to behava M ea anion axoliaaier ia aotdto aotottona and a eattoa 
axob«igar to tiaaie aolnttotMi • Xoo««xolifniga pi^oiiarttaa of 
hrdrooo oxtdaa Have ttaas btgliliitited br Siraoa at a l , ^ the 
Dydfoxldaa of miweimixm and other aatala hmv^ lieen oaad for 
anion asmbenga a^iaratlOBa. 
Psp^ir ebroeetograi^ on i»apara loadad wttti ioa««so!ii»gara 
be 
may n09tmt6$mmty \ue^ liaoisoea of i ta aiBplloitjr« feat 8|ia«d 
and iftry anolt aaooot of aaaipla raqoireaent* Vba litaratora 
mrvety abotra tbet tba papars loaded vitb b r^droita aloniniiai 
birdroiida bava not bean oaad to aaperata tba tnorgenlo aniona* 
fbareforep tbia isoilr iraa ondartPitan to at»d|r tba obrosatogrefftio 
babevloor of 19 inorganie aniona on tbaaa papara* 
121 
Bjitoyfel® and ii»ttio6> 
«•»> oMfl* file folloirlfis eolte v«re used to prepare ^ e 
ftolottoiia of reep«ottf« poteeet^i aieferosetet iioteeelua 
ohrcisetet m&lws ttitoetil|^i^te« |)o$Met»e loatie, eodlos 
ptioepbetet eodltm sreenatei sodlii» tongetotet eo^m Mestittietei 
potaesttm toilatet potaeatiin pereolphatef eodlioa eslplittet 
l»9taeeltiii i^lorldtf fwtaeelina brdataet aimoiit<iia vanadatet 
aaditw molfbrnte^ t^ etaeeftaia tbto0$r6iiete» potaealov t^rHeymiQe^ 
potaeelne ferrooyaniaet aoClos ereeolte* fliete aeita vera 
dt80<ilvad to ^eisltiaraltfeed vater to prepare titte aolottoBa of 
reooired oozioeiitr^tloiia* 
g^taottop reeieata 
0lebroe8taf ebn»»ie9 t^ioanli^iite asi araefoate were 
deteeted irttb l.OM ^pO« aolotloiit for oblorliSe una bre^do* 
tbe paper after traatneiit vttti M^Om «a8 aspoaad to aoaligiJt 
eoiQ vBfhins wltb 0*tM MO.* Iodide and i^osg^ete vera aeteeted 
wttb 1«G!3 irasa. ana sterab aolotioaa* fo dateet arsaoite 
follcB's reeganti to vaaadc^ te and t^larbdate 8!$ pjnt^allot in 
SOfS G^.OT! «ere oaed* A deolsolar ferrto oitrate aotntlon 
v i ^ 3fi> SgOg v@9 uaad to detect thlooymiatei 0»1^ ferroaa 
auti^ate to ferriOF<^t^at 0»in ferrlo ohloriaa to ferroayanlde 
1P2 
•ad 0t«io8« o!ilorld« la Va mi ves WA to a«1t«et tmigttatt. 
lUemt^sta, ladata aad salplitta vmm aat^tad wttti ^laaraa^ 
l^^p^l hy&TBTiine tn etuxxm and aiae ottrata i»itli a l i t t l e 
•odlim altroprotalde faaptotiiraly* 
Pi-a^fatlan of toiwa«^aaia pttpaffa 
Obroaatograptir vat |»arfof«afi oo vliatBiRi 8<i«t ptper 
atript flea 1% x 3 en ailos &0 a 5 «» gleaa Jaia, Papar atripa 
H5\tK 
V9r9 lapffasQatad firat^O*t»! altiadiatttH nitrata aolnttan far 
5*7 aaooDda, raaoviog tba esteem reageat by plaoiag tba atrtpe 
ovar a f i l t a r paper aliaat mQ ellawtng ta diy far 5 i^aatas at 
raon taaparatora* Hie etrip vara tbea dipped in 1«0M mmsntwm 
faydroxlda aolation for 10 a^ Qoade* llta axeaai aolatlaii vaa 
drained off end atrlpsvara pleoed over a f i l t e r paper a!ieat« 
Ttiaaa atrlpe vere dried at roan taaperetare and tbaa vaahad 
vltt) dewlaeraliead vatar* r ioaltrt ttieaa vara d r l ^ at raan 
tei^ l»eratQra aaa oaed for atiroaatograplir* 
Proeedara 
HtMP 
Ilia ohrotsett^rapby vere developed by aeaasdlag teebnlqae* 
Ibe aaoent of eolvaet in eaoli eese vaa 11 ea» fo flad tfie 
poaltloa of sonee !!^  valoaa liava bean eeloaleted ea m average 
of !^ and 8^ vbera R|^  giwm the 1^ of heeding; front end 8^ glvea 
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Titanium tungstophosphate has been prepared by mixing 
aqueous solutions of titanic chloride, sodium tungstate and phos-
phoric acid under various conditions of mixing ratio, pH, tem-
perature, etc. The composition, ion exchange capacity and ion 
exchange selectivity have been determined for different samples. 
The exchanger shows a high selectivity towards Th(IV). There-
fore, separation of Th(IV) has been tried from other metal ions; 
the separation of Th(IV) from Ce(in) and Pb(II) is quantitative. 
A potentiometric study of thorium(lV) in solution (0.001-0.5 M) 
using a compressed pellet of the ion-exchanger has been 
carried out. 
T" HE analytical applications of synthetic inorganic 
•*• ion exchangers have attracted great attention 
in recent years^- .^ The important features of these 
materials are : the differential selectivity, the ease 
of preparation and stabiUty under ionizing radiations. 
We report here the synthesis and potentiometric 
studies of a new inorganic ion exchanger, titanium 
tungstophosphate'-"^. 
Titanium(IV) chloride was a BDH product and 
its solution was prepared by diluting the commer-
cial sample in water and hydrochloric acid solution. 
Solutions of sodium tungstate and sodium phos-
phate were prepared in water. 
An electrically operated SICO shaker was used 
for shaking. Bausch and Lomb spectronic 20, 
ELICO pK meter model Ll-10 and OSAW poten-
tiometer were used for spectrophotometric, pB. and 
potential measurements respectively. 
Synthesis — Titanium tungstophosphate was pre-
pared by adding O.IN solution of sodium tung-
state to O.ITV^  solution of sodium phosphate (dibasic), 
adjusting JJH to zero with nitric acid and then adding 
O.IN TiCl4 solution. Orthophosphoric acid (5 ml) 
was added finally to ensure complete precipitation. 
The precipitate so obtained was kept for 24 hr, 
filtered and washed with demineralized water, dried 
at 40° in a temperature controlled oven. The dried 
product was then kept in 2M nitric acid to convert 
it to H+ form, washed to make it acid free and 
dried again at 40°. Different samples were pre-
pared under the conditions given in Table 1. 
Capacity — The ion exchanger in H+ form was 
placed in a glass column with glass wool support. 
A O.IN solution of potassium nitrate (or required 
metal salt) was used as the eluent. The H+ ions 
eluted as acid from the column were titrimetrically 
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Chemical stability — 0.5 g of exchanger was 
shaken in a conical flask for 4 hr. Titanium, phos-
phorous and tungsten in the supernatant liquid 
were determined spectrophotometrically by hydrogen 
peroxide*, thiocyanatc^ and phosphomolybdate" 
methods respectively. 
pH titrations—pli titrations were performed by 
shaking 0.5 g of titanium tungstophosphate (Sample 
No. 4, Table 1) with O.IM solutions of NaOH, 
LiOH, KOH and their salts. The contents of the 
flasks were shaken for 4 hr and the pH of the super-
natant solutions were measured. 
Separations — Separations were tried on the basis 
of difference in K^ values which were determined 
by batch process equilibrating the solutions for 6 hr 
at 30 ± 1 °. For separation studies 2.0 g of titanium 
tungstophosphate in H+ form was taken in a glass 
column of inner diameter 0.69 cm. The rate of flow 
was 0.5 ml/min and 5 ml fractions of effluent were 
collected for the metal ion content determination. 
Concentration potential — The potential was 
measured by putting the thorium nitrate solution 
of varying concentrations on two sides of the ion 
exchanger pellet of the ion exchanger by keeping 
two SCE in both the arms of the cell. The pellet 
was prepared at a pressure of 1200 lbs without any 
binder. A fine (mulmul) cloth was used on both 
the sides of the pellet to increase the physical 
stability. 
Among the samples of the exchangers prepared 
under different conditions (Table 1), sample No. 4 
shows maximum chemical stability (detailed results 
not given) and ion exchange capacity of this sample 











Pb''+-0.01M HNO3 725.2 
Th*+-1 % NH4NO3 378.21 
+ 2M HNO3 
Ce^+-0.05M HNO3 339.09 
Th*+-1 % NH4NO3 378.21 
+ 2M HNO3 
Sm=+-0.05M HNO3 375.87 



















TABLE 3 — CONCENTRATION POTENTIAL STUDIES WITH THORIUM 
NITRATE 
{[Th(N03)4] = 0.5M on one side} 
[Th(N0,)4l [Th(N03)4] [Th(NOJ,] 
on the Potential on the Potential on the Potential 
other side (mV) other side (mV) other side (mV) 



























is quite comparable, therefore, rest of the studies 
were made on this sample. The capacity of sample 
4 was determined for some mono and divalent ca-
tions and it was found to be 0.80, 0.68, 0.60 and 0.71 
for K+, Sr2+, Li+ and Ba^* respectively. To find 
the temperature rang^ for working the exchanger 
(sample No. 4) in H+ form, it was dried at different 
temperatures in a muffle furnance for 1 hr and the 
ion exchange capacity for l.OM KNO3 was 0.80, 
0.43, 0.19 and 0.02 meq/g for products dried at 100°, 
200°, 400° and 600° respectively. This shows that 
the ion exchanger can be used at any temperature 
upto 100° but above this temperature a considerable 
loss in capacity is recorded. The results of pH 
titrations of the exchanger in H+ form show a 
bifunctional behaviour. 
The presence of two anionic groups i.e. tungstate 
and phosphate greatly affects the selectivity of the 
ion exchanger towards certain metal ions. Out 
of these Th*+ was selectively preferred over others. 
Therefore, the separation of Th*+ was tried from 
other metal ions. The separations of Th'*+ from 
Ce^, Pb2+ and of Sm3+ from Nd3+ were 
quantitatively achieved. The results are summariz-
ed in Table 2. As a result of high selectivity to-
wards Th^ + the concentration potential was mea-
sured for different concentrations of Th*+ and 
the results are presented in Table 3. If the potential 
is plotted as a function of negative logarithm of 
concentration of thorium nitrate on one side of the 
ion exchanger pellet (the concentration on the other 
side being constant), a linear relationship is ob-
tained. These results indicate the analytical utili-
ty of the ion exchanger to determine the concen-
tration of Th*"*" selectively in a sample. 
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